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ABSTRACT
The stra tig raphy of tv/o facies w ith in  the Lower Pars Formation 
(Miocene) of northern Iraq is  redescribed: a basin-centre facies
represented by three sections near Fathah, Sheikh Ibrahim and Butma, 
and a basin-margin fac ies represented by a section near Shaqlawa.
Two members are defined w ith in  the basin-centre fac ies . Asymmetrical 
cyc l ic  deposition of marls, carbonates, and nodular gypsum character­
ises the Lower Member, w h i ls t  s im ila r  cycles, but with the addition of 
brownish red mudstones at the top of each cycle, characterise the 
Upper Member.
From f ie ld  observation, petrology and X-ray d i f f r a c t io n  analysis, 
the sediments of th is  Formation are described in terms of four l i t h o -  
fac ies; mudrocks, carbonates, sulphates, and sandstones. X-ray d i f ­
f ra c t io n  analysis shows tha t the clay minerals of the grey-green marls 
are mainly i l l i t e  and c h lo r i te  w h i ls t  the red mudstones are mainly 
c h lo r i te .  The carbonates of the Lower Member are mainly dolomite and 
predominantly ske le ta l wackestones, w h i ls t  those of the Upper Member are 
mainly ca lc i te  and predominantly skeletal packstones. The sulphates 
are gypsum secondary a f te r  anhydrite.
Several species and genera of molluscs (inc lud ing Ostvea l a t i -  
marginata^ 0. subangu la ta ,  and d e m e n t ia  pap y ra ce a ) , fo ram in ife ra  ( in ­
cluding B o re l is  m e lo ) , and ostracods (including marine and brackish 
water genera) are diagnosed and i l lu s t r a te d .  The faunal evidence seem­
ing ly  indicates that the Lower Pars Formation is  probably la te  Lower 
Miocene " Burdigalian" rather than la te r  in s tra t ig raph ie  age.
Structura l and computer-based isopachyte studies show tha t the 
Lower Pars basin is  separated in to  two main (Kirkuk and S in ja r) basins. 
The nature and thickness of the Formation r e f le c t  a tec ton ic  con tro l.
Sedimentological, palaeonto log ica l, s truc tu ra l and isopachyte 
studies show the Lower Pars to have been deposited in a broad but
11
re la t iv e ly  shallow NW-SE trending basin w ith SE marine connection during 
a major Miocene transgressive cycle. F luctuation in sea level is  in ­
ferred to be responsible fo r  the deposition of the evaporite cycles, 
desiccation taking place in a closed (desiccated) basin. Cycles rep­
resent periodic transgressions of the sea, in i t ia te d  by marine marl, 
w ith subsequent deposition of shallow warm water carbonate, then sulphate 
through desiccation, terminated by a regressive phase with brackish water 
red mudstones.
L itho log ica l and palaeontological evidence and facies d is t r ib u t io n  
are consistent in  ind ica ting  tha t the basin-margin fac ie s ,  at least tha t 
represented at Shaqlawa, is  equivalent to pa rt,  possibly the whole of, 
the Upper Member of the basin-centre Lower Pars. Also they ind icate that 
the evapor it ic  fac ies in Iraq is  equivalent to the evapor it ic  facies 
(Gachsaran Formation) in Iraq, and possibly to the so-called Lower Pars 
Formation in Syria.
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INTRODUCTION
1.1 General
Iraq is  important as one o f the major o i l  producing countries of 
the Middle East. I t  occupies an area o f some 276,248 square kilometres 
westward from the Arabian Gulf. Lo ca l i t ies  cited in th is  thesis are 
s ituated in the northern and northeastern parts of Iraq, w ith in  an area 
bounded by Dohuk c i t y  in the north, Fathah in the south, and Tel Afar 
and Shaqlawa in the west and east respective ly  ( f ig .  1.1). This area 
of some 15000 square kilometres is  of considerable economic importance 
because o f the presence of o i l ,  sulphate and bu ild ing  materials 
(Dunnington, 1958; Al-Tamimi, 1970; Al-Sawaf, 1977; Buday, 1980). I t  
is of geological in te re s t  because of i t s  s truc tu ra l se tt ing  and th ick  
sedimentary succession.
S tru c tu ra l ly ,  the region l ie s  w ith in  the Nubio-Arabian Craton 
area rather than the Geosyncline area as defined by Buday (1973, unpub.; 
1980) ( f ig .  1 .2 ), and w ith in  the Unstable ra ther than the Stable Shelf 
area. I t  forms part of the F o o th i l l  Zone, ly ing  between a Highfolded 
Zone to the northeast and the Block Faulted Zone to the southwest.
S t ra t ig ra p h ic a l ly ,  the exposed succession ranges in age from 
Lower Cretaceous (Albian) to Pleistocene ( f ig .  1.3). Some 1000 metres 
of sediments are present, the older rocks being exposed in the a n t i ­
c lines to the northeast o f the area, w h i ls t  synclines to the southwest 
are covered by Pleistocene or Quaternary ( a l lu v ia l )  deposits. Three 
major regional unconformities punctuate the succession; Cretaceous - 
Palaeocene, Oligocene - Miocene, and Pliocene - Pleistocene ( f ig .  1.4).
A s t r ik in g  feature of the succession is the great thickness and 
area of outcrop of sediments ascribed to the Lower Fars Formation (a 
u n it  various ly  ascribed to the Middle Miocene (van Bellen e t a l . ,  1959) 
or to the Lower Miocene (Sayyab e t  a l . ,  1967)).
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F i q u r e  1 . 3 S t r a t i g r a p h i e  sequence in the studied area ( f rom unpubl ished repor ts  of the 
Geological  Survey of  I r aq)
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The Lower Fars comprises mainly carbonates and evaporites, in 
to ta l  thickness sometimes exceeding 800 metres. The thesis area in ­
cludes some of the th ickes t parts of th is  evapor it ic  succession in 
Iraq. The Lower Fars Formation in Iraq is represented by two fac ies: 
a th ick  evaporite facies occupies most of the thesis area, w h i ls t  a 
s l ig h t ly  th inner c la s t ic  facies occupies the northeast part ( f ig .  1.5). 
The thesis provides a descrip tion  and palaeoenvironmental in te rp re ta t ion  
of the Lower Fars sequence in four key areas so as to contribute to 
co rre la t ion  and in te rp re ta t io n  of th is  major u n i t  as a whole.
1.2 Lower Fars
1.2.1 Name and d e f in i t io n  of u n it
The name Fars was used by Loftus (1855) to designate s tra ta  loc ­
ated in  the Fars region of Iran. The type area is  therefore in Iran, 
w ith in  the Fars region, but a type lo c a l i t y  as such has never formally 
been defined. The name Fars was la te r  used by P ilg r im  (1908) and Busk 
& Mayo (1918) to designate a s tra t ig ra ph ie  "series" in  Iran, comprising 
a th ick  sequence of la rge ly  Miocene deposits cropping out in Fars 
Province.
In Iran, the Fars near Masjed-e-Suleyman was divided in an un­
published report by James & Hal se {fide James & Wynd, 1965) in to  Lower, 
Middle, and Upper Fars Formations. These names la te r  became widely 
adopted in both Iran and Iraq (e.g. van Bellen e t  a l . ,  1959). However,
James & Wynd (1965), although re fe rr in g  the term Fars to a s tra t ig raph ie
u n it  now raised to the level of a "group", divided i t  in to  three forma­
t ions : Gachsaran Formation (formerly Lower Fars), Mishan Formation
(formerly Middle Fars), and Agah Jari Formation (formerly Upper Fars). 
The Razak Formation of the in te r io r  part of the Fars Province (non- 
evapor it ic  red beds), equivalent to the evaporit ic  Gachsaran Formation, 
was also included w ith in  the group.
Subsequently, Kashfi (1980) used the term "Lower Fars Group" to 
include four major s tra t ig ra ph ie  un its  (Gachsaran Formation, Razak 
Formation, Namaki Formation, and Qeshm Formation). This recent revis ion 
in s tra t ig raph ie  terminology in Iran is  consistent with modern
r - '. ' 12
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s tra t ig raph ie  code recommended practice (e.g. Holland, 1978; Hedberg, 
1976; and American Commission of S tra tig raph ie  Nomenclature, 1961); 
but has not so fa r  been extended to Iraq. Formal rev is ion  of Iraq 
s tra t ig raph ie  nomenclature in accordance with the codes by the 
Geological Survey of Iraq is s t i l l  awaited.
Although "Lower Fars Formation" is now abandoned as a formal 
s tra t ig raph ie  term in i t s  Iranian type area, the name is s t i l l  used 
in Iraq in the sense of Kitchen (1927) to describe a sequence of s tra ta  
characterised by an evaporit ic  facies of Lower/Middle Miocene age.
1.2.2 Sedimentary cha rac te r is t ics  and thicknesses 
1.2.2a Sediments
The Lower Fars Formation covers more than one th i rd  of the area 
of Iraq. I ts  sediments comprise most of those mapped as Miocene on 
f igu re  1.6. The d is t in c t iv e  feature o f the Lower Fars is  the presence 
of evaporite facies which are represented mainly by th ick  beds of gypsum/ 
anhydrite. These occur as part of a cy c l ic  succession, the other comp­
onents of the cycles being carbonate, brownish red mudstone and green 
marl. The evapor it ic  component of these cycles is  developed most th ic k ly  
in the presumed "basinal" area, e.g. Fathah, Sheikh Ibrahim, and Butma 
ra ther than the presumed "marginal" area, e.g. Shaqlawa. Basinal areas 
are characterised by evaporite facies rather than the c la s t ic  facies 
which characterises the marginal area.
1.2.2b Thickness
Not only is  the Lower Fars Formation remarkable fo r  i t s  evaporit ic  
fac ies , but also fo r  the great thickness attained by tha t fac ies . In 
Iran, the Lower Fars reaches more than 2000 metres (Kashfi, 1980) and 
presumably re f le c ts  the s i te  o f the main Fars basin. I t  reaches more 
than 1300 metres in the th ickes t part in Iraq (see section 5.2, iso - 
pachyte study). The thickness of the Lower Fars Formation in Iraq dec­
reases toward the northeast and southwest. Al-Sammarai & A1-Mubarak 
(1978, unpub.) observed an increase in the thickness of the Lower Fars 
Formation in the.Makhmur - Kirkuk area toward the southeast due to the
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development of new c y c l ic  deposits. Figure 1.7 shows the thickness of
the Lower Fars Formation in Iraq as reported.
1.2.2c Basin analysis
The Lower Fars Formation shows a remarkable la te ra l va r ia t ion  in 
l i th o lo g y .  Sudgen (1951, unpub.) stated tha t " la te ra l  va r ia t ion  from 
what is  p r in c ip a l ly  a limestone to what is  p r in c ip a l ly  dolomite are 
qu ite  common". Lateral va r ia t ions  are also known from anhydrite to 
marly s i l ts to n e  and from limestone to marl and marly s i l ts to n e .  Lateral 
va r ia t io n  from anhydrite to s a l t  doubtless occurs, but is  more d i f f i c u l t  
to estab lish and i t  is  qu ite  possible tha t marl, anhydrite, and s a lt  
could be found as la te ra l equivalents.
Dunning ton (1958) and Al-Naqib (1959), found tha t several cycles 
of h a l i te  occurred in the lower part o f the Lower Fars Formation in the
Kirkuk area, while h a l i te  has developed to  a much greater extent in
southwest Iran (O'Brien, 1957). Ma'ala e t  al. (1976, unpub.) a t Hadhr, 
and A1-Mubarak (1978) in the Fathah - Mosul area found tha t gypsum beds 
are affected chemically and replaced p a r t ly  or t o t a l l y  e ithe r  by caver­
nous limestone and fib rous ca lc i te  or by marl. G i l l  & Ala (1972) and 
Ahmad (1980, unpub.) observed essen t ia l ly  the same sedimentary d i f f e r ­
ence between sections from the basin-centre facies and basin-margin
facies in both Iran and Iraq respective ly .
In the present study, the va r ia t io n  is  very c lear between sec­
tions in the presumed "basinal area" and "marginal area" ( f ig s  1.5 and
1.8), and almost the same d iffe rences as described by G i l l  & Ala (1972). 
However, i t  should a d d it io n a l ly  be noted tha t carbonate horizons are 
found to  be th icker in the basinal facies ( f ig .  1 .9 ), and tha t gypsum 
beds may be replaced by limestone or mudrock w ith in  the lower part of 
the Lower Fars Formation.
1.2.3 Stra tig raph ie  Subdivisions
Since the Lower Fars Formation is  so widespread in Iraq, and 
since i t  forms the cap rock of most of the o i l  f ie ld  in the region, i t  
has been the focus of a tten tion  of many workers. A h is to ry  of the major
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Author Thickness in m. Locali ty
, Perry (1939) 396 Ain Zalah
Oi1 Company Reports 188.1 Demir Dagh 1
before 1971 599 Bai Hassin 13
300.2 Taq Taq 1
459 Gullar 1
522.7 Khleisia 1
170.5 F a l l i ja h  1
416.6 Sammara 1
519 Chemchemal 2*
818 Kirkuk 117*
184.5 Tharthar I f
33.55 Awasil 5*
1322.48 Kor Mor 2*
Shaban e t  a l .  (1971 ) 183 SE of Dohuk
Al-Jumaily e t  a l .  (1976) 350 Mosul-Tel Afar area
Hagopian (1977) 466 Erb il area
Munir (1 977) 630 Butma-Dohuk area
A l -Mubarak (1978) 174 South of Mosul
268 Fathah area
Al-Sammarrai e t  a l .  (1978) 242 Qara Chaugh
Hradecky e t  a l .  (1978) 800 Pulkhana 5
Ahmad (1980) 209 Mi shraq*
69 Baashiqa
78 Maqlub
36 Shei khan
412 Sheikh Ibrahim
186 Guolat*
Sissakian (1980) 300 Salahiddin
Present study 444.35 Fathah area
598.15 Butma area
445.95 Sheikh Ibrahim
208.75 Shaqlawa
Al-Naqib (1959) 365-823 South Kirkuk area
Van Bel len e t  a l .  (1 959) 762 Chi a Sukh
305 NW Kirkuk Structure
610 SE Kirkuk Structure
Fig. 1.7 Thickness of Lower Fars Formation as reported in d if fe re n t  
parts of Iraq. * means that the lower or upper part is  
not exposed or has been eroded
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attempts at subdivision is  summarised in f igu re  1.10.
According to van Bel len e t  al. (1959), Kitchen (o i l  report) was 
the f i r s t  to subdivide the Lower Fars Formation in Iraq in to  a number 
of informal un its , based on his studies of the Kirkuk a n t ic l in e .  These 
un its  are in ascending order: Transit ion Beds, S a li ferous Beds,
Seepages Beds, and Upper Red Beds, and w ith in  each u i i i t  he recognised 
and designated a number of limestone markers. These un its  can be eas ily  
recognised in the F o o th i l l  Zone part of the Lower Fars Basin but not in 
the southeastern and northeastern extension of the F o o th i l l  and High 
Folded Zones, e ithe r because the formation as such is  missing or because 
i t s  equivalent has not yet been f u l l y  proved. I t  is  seemingly repres­
ented by at least part of a c la s t ic  - carbonate facies with some gypsum 
in te rca la t io n  (Undifferentia ted Fars) (Buday & Vanecek, 1971, unpub.; 
Ditmar, 1971, p. 105, unpub.; and Buday, 1980).
Sudgen (1951, unpub.) subdivided the Lower Fars Formation of the
Kirkuk structure in to  three parts re la t in g  his d iv is io n  to  Kitchen's 
subdivision ( f ig .  1.10).
Al-Tamimi (1970, unpub.), subdivided the formation in the Mishraq 
area in to  three l i th o lo g ic a l  series to aid development of the sulphate
minerals in the area. These series from bottom to top include:
Calcareous - Sulphate Series - This series is  the productive series and 
is  characterised by a carbonate sequence sometimes in te r  bedded with marl. 
Two marker horizon beds of she lly  o o l i t i c  limestone occur at the upper­
most part of the series. The upper marker (1 - 2 m) is  separated from 
the lower marker, which is  re la t iv e ly  th icke r , by a bed of gypsum and 
m arl/c lay (3 - 5 m th ic k ) .
Sulphate Series - This is  characterised by th ick  gypsum containing the 
A-sulphur bearing m arl/c l ay bed horizon which is  a very useful marker 
fo r  th is  series, 12 metres th ic k ,  ye llow  on surface, bluish in sub­
surface, and i t  is  at the lowermost part o f the series, in places under­
la in  by a th in  gypsum bed (2 - 4 m th ic k )  being the contact with the 
underlying series. The bed is overla in by a th ick  gypsum bed (8.5 m 
th ic k ) .
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Calcareous - Terrigene Series - This is characterised by a sequence of 
sandstone, m arl/c lay , and gypsum. The contact with the underlying 
series is  taken at the f i r s t  occurrences of sandstone and sandy marl bed 
(approximately 8 metres th ick )  with which two th in  fo s s i1iferous lime­
stones were interbedded w ith in  the series.
Al-Mubarak (1976, unpub., 1978), fo r  the A1-Fathah - Mosul area 
mapped in 1975, divided the Lower Fars Formation in to  two members. This 
d iv is ion  was based on l i th o lo g ic a l  and faunal characters ( f ig .  1.10).
These members are:
Lower Member (LFl) - This is  composed mainly o f th ick  massive gypsum, 
interbedded with th in  horizons of limestone, the limestone a lte rna ting  
with yellow -green marl below. Al-Mubarak subdivided th is  Member in to  
four rock un its  according to l i th o lo g ic a l  and physical properties 
(Transit ion Zone, Gypsum-1imestone u n it .  Gypsum u n it ,  and Limestone u n it  
"marker").
Upper Member (LF2) - This is characterised by the cyc l ic  deposition of 
a lte rna ting  claystone, marl, limestone, and gypsum in regular order. 
According to l i th o lo g ic a l  and physical p roperties, Al-Mubarak subdivided 
th is  Member in to  three rock u n its .  The un its  from bottom to top are: 
Gypsum-clays tone u n i t ,  and Gypsum dominant u n it .
The Lower Fars subdivision of Al-Mubarak was very helpfu l during 
the mapping projects carried out la te r  by the Geological Survey of Iraq 
in A l-Jez ira  (Al-Jumaily, 1976, unpub.; and Maala, 1976, unpub.), Duhok- 
Ain Zala (Munir, 1977, unpub.), Mosul-Erbil (Hagopian, 1977, unpub.), 
Makhmur-Kirkuk (Al-Sammarai & Al-Mubarak, 1978, unpub.), and Khanaqin- 
Maidan (Youkhana, 1978, unpub.).
Al-Jumaily & Domaci (1976) subdivided the Lower Fars Formation in 
the Mosul-Tel Afar area using A1-Mubarak's subdivision but with more 
subdivision fo r  the f i r s t  lower u n i t  ( f ig .  1.10).
In 1977, Al-Sawaf subdivided the Lower Fars Formation in the Mosul 
area in to  three series to f a c i l i t a t e  economic development of the sulphate 
minerals. These.series are in  ascending order; Productive Series
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(secondary limestone, c a lc i te ,  sulphur, gypsum, and anhydrite). Sulphate 
Series (gypsum and anhydrite with m arl), and Carbonate Series (limestone, 
marl, sandstone, and minor gypsum).
Mustafa (1980, unpub.) established a new subdivision fo r the 
Lower Fars Formation. He divided the formation in to  a Lower Member w ith ­
out red mudrocks and an Upper Member with red mudrocks ( f ig .  1.10).
In pa ra l le l  with these developments in 1ithos tra t ig raphy in Iraq, 
in Iran the Lower Fars Formation has been subdivided by Ion e t al.
(1951) in to  three "stages". According to James & Wynd (1965), the
Gachsaran Formation (formerly Lower Fars) was subdivided by Richardson 
(1946, unpub. co. report)  in to  seven members, and in to  three members by 
Parker (1959, unpub. co. report) in ascending order: Chehel Anhydrite,
Champeh, and Mai.
A l l  these subdivision noted above can be lo c a l ly  recognised but 
none appear to extend throughout the Fars Basin. The only common point
is tha t a l l  the authors agree on the importance of red beds as a marker
in th e ir  members or un its .
The d iv is io n  scheme o f Mustafa (1980) is  therefore used in the 
present study, the Lower Fars Formation being divided in to  Lower and 
Upper Members. The Lower Member is  d istinguished from the Upper Member 
by the f i r s t  appearance of red mudrock which indicates a change in the 
facies i n i t i a t in g  the Upper Member. This marker is eas ily  recognised 
and followed in the f ie ld  even when i t  is  covered by s o i l .
Although broadly in agreement with the subdivision distinguished 
by Kitchen (1927), Sudgen (1951), Al-Tamimi (1970), Al-Mubarak (1978) 
and others, a s l ig h t ly  modified scheme of s tra t ig raph ie  d iv is io n  is  
adopted here because:
i )  Kitchen's d iv is ion  of the Lower Fars Formation is not easily  
recognised in the southeastern and northeastern extension of the Foo th i l l  
and Highfolded Zones (Buday & Vanecek, 1971, unpub.); i t  is  eas ily  rec­
ognised only in the Kirkuk area.
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i i )  Sudgen's d iv is io n  is almost the same as Kitchen's d iv is ion  
and depends on the limestone markers of Kitchen's d iv is ion  which are 
not widely recognisable; i . e .  not eas ily  recognised in the area south 
of Kirkuk (Al-Naqib, 1959).
i i i )  Al-Tamimi's and Al-Sawaf's d iv is ions can be applied ju s t  
in the Mishraq area.
iv )  Al-Mubarak and Al-Jumaily & Domaci in th e ir  d iv is ions used 
a marker limestone to separate the two members, which f i r s t l y  does not 
e x is t  in  a l l  the areas and secondly is not the same limestone marker 
used by the Geological Survey of Iraq in d i f fe re n t  areas (Jassim, oral 
comm.) .
The subdivision adopted in the present study can be used and 
recognised in most o f the Lower Fars Basin.
1.2.4 Biota and Correlation
Fossils are only lo c a l ly  common in the Lower Fars Formation, and 
fauna seldom shows much d iv e rs i ty .  H istory o f research is summarised 
in Chapter 4. Essentia lly , the fauna is characterised lo c a l ly  by b i ­
valves (Ostrea la t i r r u rg in a ta ,  which is considered to be the index fo s s i l  
of the formation, C la u s in e l la  spp., C la u s in e l la  am ide i { f id e  van Bellen 
e t  aZ.j 1959), d e m e n t ia  papyracea^ Pecten  sp., and Cardiwn sp.) gast­
ropods { T u r r i t e l l a ^  Hydrobia,  and T r i c o l i a )  ostracods {r\otdib'\y C y th e r id e is  
and C y th e re l la )  and benthonic foram in ifera (Q u inque locu lina^ Miogypsina^  
Ammonia h e o c a r i i j  Elphidium^ R o ta l ia  b e c c a r i i^  àod B a re l is  m e lo ) .
The precise age of the Lower Fars Formation in Iraq has been a 
matter o f some controversy. Sayyab & Kureshy (1967) assigned a Lower 
Miocene age fo r  the Formation. Owen & Nasr (1958), Al-Naqib (1959), and 
A1-Omari & Sadik (1972) considered the Lower Fars Formation to range from 
Lower to  Middle Miocene in age. Van Bellen e t  a l .  (1959), Ctyroky &
Karim (1971) and Buday (1980) dated the Lower Fars Formation as Middle 
Mi ocene.
1.2.5 Relationship to underlying s tra ta
The Lower Fars Formation was apparently transgressive over a large
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Plate 1.1 The conglomeratic bed that marks the discon- 
fo rm ity  between the Lower Fars Formation and 
P ila  Spi Formation of Salahiddin (NE Iraq)
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Plate 1.2 The contact between the P ila  Spi and Lower 
Fars Formations at Shaqlawa. Note the 
e las t ics  of the Fars and the limestone o f 
the P ila  Spi
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Fars Formations at Shaqlawa. Note the 
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part of i t s  basin. Sudgen (1951, unpub.) was uncertain about the trans­
gression of the Lower Fars upon formations older than Oligocene, w h ils t 
Dunnington (1958) mentioned that the Formation even transgressed upon 
Cretaceous marls in the marginal part of NE Iraq. Van Bel len e t  a l .
(1959) believed tha t the prominent conglomerate, known in fo rm ally  as 
the Basal Fars Conglomerate, which marks the lower l im i t  of the Lower 
Fars Formation in northern Iraq, marks a very important transgression of 
the Formation over an eroded succession ranging from Middle Eocene to 
Lower Miocene. This transgression of the formation caused the formation 
to be underla in, in d i f fe re n t  regions, by one of three d i f fe re n t  forma­
tions: in the Highfolded Zone by the Pila Spi, to the southwest by the
Euphrates, and fu r the r  to the southwest by the Jeribe.
The Eocene Pila Spi Formation is  overla in by the Lower Fars 
Formation at i t s  type lo c a l i ty  (near P ila  Spi v i l la g e ,  N Iraq) and at 
the supplementary type lo c a l i ty  (van Bellen e t  a l .   ^ 1959), Amadia and 
adjacent area (Boukhtoyanov & Yovlentyer, 1962), Shaqlawa-Harir area 
(A1-Shaikh, 1975), Dohuk-Ain Zala area (Munir, 1977, unpub.), Maqlub 
and Sheikhan area (Ahmad, 1980, unpub.), and Salahiddin-Shaqlawa area 
(present study). The contact at these lo c a l i t ie s  is  strongly discon­
forma ble, indicated by the presence o f a th ick  conglomerate bed (p i.  1.1). 
The P ila  Spi Formation can be d if fe re n t ia te d  from the Lower Fars Formation 
by i t s  massive to bedded chalky and do lom itic  very th ick  limestone l i t h ­
ology, compared with the c la s t ic  and th in  limestone horizons of the Lower 
Fars Formation (p i.  1.2).
The Euphrates Formation is  overla in by the Lower Fars Formation 
a f te r  a period of regression and substantial erosion of e a r l ie r  sediments 
(Dunnington, 1958). Al-Sawaf (1977) and Ahmad (1980) at Mishraq and 
Ba'ashiqa areas, Munir (1977, unpub.), and the present study in the Butma 
area, found tha t the Lower Fars Formation is underlain by the Euphrates 
Formation and the contact is  disconformable. However, van Bellen e t  a l .  
(1959) did not mention that the Euphrates Formation is overla in by the 
Lower Fars Formation at any lo c a l i ty .  Based on the occurrences of 
Miogypsina  sp. and B ove lis  melo melo, which never occur in rocks younger 
than Lower Miocene (Loeblich & Tappan, 1964; Drooger, 1966; Serpagli &
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S i r o t t i ,  1 966; Vervloet, 1 966; and F e rre r i,  1968), a Lower Miocene 
age has been given to the Euphrates Formation (Al-Saddiqi, 1972;
Buday, 1980).
Also, the Lower Fars Formation was found overlying the Jeribe 
Formation with a conformable contact a t Jaddala v i l la g e  (van Bellen e t  
aZ., 1959), the Kirkuk area (Al-Naqib, 1959), the Fathah area (Al- 
Mubarak, 1978), most parts of Iraq (Buday, 1980), and the Fathah area 
(present study). An angular unconformity between the Jeribe and Lower 
Fars Formations is  suspected in the Sheikh Ibrahim area (Al-Jumaily e t  
a l . ,  1978; and present study) and in the Atshan area (Al-Jumaily e t  a l . ,  
1978). The present author is  of the opinion tha t the angular unconform­
i t y  re f le c ts  the presence of two palaeohighs in the Sheikh Ibrahim area 
as described by Al-Jumaily e t  a l .  (1978). The occurrence of the Jeribe 
Formation can re ad i ly  be detected by the presence of B ove lis  melo cuvd ica  
{ f id e  van Bel len e t  a l . ,  1 959; A l-Ansari, 1972, unpub.; and Karim, 1978). 
Moreover, the presence of B ove lis  melo cuvd ica  is  commonly i f  question­
ably taken as evidence fo r  a Middle Miocene age (Reis & Gwirtzmann, 1968; 
Clarke & Blow, 1969; and Karim, 1978). The Jeribe or Euphrates Formations 
at Fathah, Sheikh Ibrahim, and Butma are characterised by th e ir  l i th o lo g y  
of l ig h t  coloured massive do lom itic  and rec rys ta ll ized  limestone and can 
be d if fe re n t ia te d  eas ily  from the evapor it ic  facies of the Lower Fars 
Formation. A r e la t iv e ly  th ick  evaporit ic  bed above the top of the Jeribe 
Formation marks the basal part of the Lower Fars Formation.
1.2.6 Relationship to overlying stra ta
In d i f fe re n t  regions, the Lower Fars Formation is  overla in by one 
of two d i f fe re n t  formations: in the F o o th i l l  Zone region by the Middle
Fars, w h ils t  to the north and northeast by the Upper Fars.
The Middle Fars Formation overlies the Lower Fars Formation (pi. 
1.3) in the presumed basinal area ( i .e .  Fathah, and Sheikh Ibrahim) and 
the boundary is  generally taken at the top of the la s t  th ick  gypsum 
horizon. The Middle Fars Formation can be d if fe re n t ia te d  from the Lower 
Fars Formation by i t s  ch a rac te r is t ic  l i th o lo g y  of s i l ts to n e ,  mudstone.
las t  thick 
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and a few clayey limestone bands, with sometimes a few very th in  sec­
ondary gypsum horizons present (p i. 1.4).
The Upper Fars Formation overlies the Lower Fars Formation 
(p i. 1.5) in  the presumed marginal area or areas close to i t  ( i .e .  Butma 
and Shaqlawa) and the boundary is  generally taken at the la s t  re la t iv e ly  
th ick limestone horizon (p i. 1.6) ( i . e .  a t the base of the th ick  in t e r ­
bedded sequence of mudstone, s i l ts to n e ,  and sandstone, which makes i t
sometimes d i f f i c u l t  in  the f ie ld  to locate the contact between the two 
formations). The Upper Fars Formation is  characterised by i t s  th ick 
sequence of s i l ts tones  and lack of limestone horizons.
Van Bellen e t  a l.  (1959) suggested tha t the boundary between the 
Lower and Upper Fars Formations (or the Middle Fars i f  recognisable) is
diachronous and gradational and should conveniently be placed at the
top o f the la s t  gypsum beds of the Lower Fars Formation.
1.3 Scope of thesis
This thesis reviews the s tra tig raphy and palaeoenvironmental 
in te rp re ta t io n  of the Lower Fars Formation in Iraq, p r im a r i ly  on the 
basis o f four representative successions in the northern part o f the 
country.
As noted above (section 1.1), the most typ ica l Lower Fars facies 
is  the "evaporite" facies of the (presumed) basin-centre. The succes­
sions in three widely separated areas (Fathah, Sheikh Ibrahim, Butma) 
which represent the th ickes t developments and best exposures of th is  
facies outcropping in northern Iraq are described below in Chapter 2, 
together with the succession a t Shaqlawa as representative of the 
"c la s t ic "  facies of the (presumed) basin-margin fac ies. The sediments 
as such which make up the successions are described in Chapter 3, the 
fauna in Chapter 4, and the regional s tructure in Chapter 5, leading to 
the palaeoenvironmental and s t ra t i  graphical synthesis of Chapters 6 and 
7 respective ly .
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la te  1.5 The contact between the Lower Fars and the Upper 
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Plate 1.6 The contact between the Lower Fars and the Upper 
Fars Formations in the Shaqlawa area. Note the 
la s t  th ick  limestone horizon of the Lower Fars 
Formation and the th ick  sequence of mudstone, 
s i l ts to n e ,  and sandstone of the Upper Fars 
Formation
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C H A P T E R  2
REGIONAL GEOLOGY
2.1 Fathah Area
2.1.1 General Introduction
The Fathah section described here is  situated in Makhul mountain, 
which l ie s  on the western bank of the T ig r is  r iv e r ,  about 17 kilometres 
north of Baji c i ty  ( f ig .  1.1). This area l ie s  in . the  Makhul Subzone, 
in the southwestern part o f the F oo th i l l  Zone of Iraq ( f ig .  1.2). Ac­
cording to Al-Naqib (1959), th is  part of Iraq has the maximum thickness 
of Lower Fars sediments (see isopachyte study, section 5.2).
Makhul mountain is  a long a n t ic l in a l  s tructure  of NW-SE d ire c t ion , 
segmented by minor domal s tructures. I t  is  a re la t iv e ly  narrow a n t ic l in e ,  
separated from the adjacent an tic l ines  by wide, shallow synclines which 
extend pa ra l le l to the a n t ic l in a l  axes. This a n t ic l in e  is s t ru c tu ra l ly  
and topographically higher than the adjacent a n t ic l in es  and strongly as­
ymmetrical, the steepest limb toward the southwest (Al-Mubarak, 1978).
The drainage is influenced and contro lled by s tructure  including 
bedding, jo in ts ,  and fo ld ing . The drainage patterns developed are mainly 
d e n d r i t ic ,  sub-dendrit ic , and p a ra l le l t r e l l i s  (Al-Mubarak, 1978) (p i.  
2 . 1 ).
Seven formations have been traced in to  the area during geological 
mapping o f the Fathah-Mosul area carried out by the Geological Survey of 
Iraq in 1975. These formations are from older to younger: Kalhur Gypsum,
Euphrates Limestone, Dhiban Anhydrite, Jeribe Limestone, Lower Fars,
Middle Fars, and Upper Fars. They range in age from Early Miocene - Late 
Miocene and are overla in by sediments o f Quaternary age ( f ig .  2.1).
The thickness of the sediments in th is  area is about 500 metres 
and the Lower Fars Formation has a thickness of 268 m according to A l- 
Mubarak (1978), while as defined in the present study, the Formation has
2 6
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Plate 2.1 The southwestern limb of the Makhul a n t ic l in e  
near Fathah, showing the morphology o f the 
area and the cyc l ic  deposition
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a thickness of 444.35 m.
2.1.2 Previous Research
Previously, many works have been conducted on mapping of the in ­
d iv idual s tructures. The f i r s t  work was carried out by geologists of 
the Turkish Petroleum Co. (Creek & Mason (1925-1926), Williamson & 
d'Oncieu (1926), Damesin (1930), Glynn Jones e t a l. (1930), Schmidt 
(1934), and Mayer Gurr (1937)).- The aim of the work was to discover new 
o i l  f ie ld s ;  the resu lts  gave a general p ic tu re  of the region 's s t r a t i ­
graphy and structu re .
Later on, a l l  the investigations dea lt with the occurrence of 
sulphur (Bolton, 1954; McCarthy, 1955; Comp, 1955; L o l l e t t i ,  1960; 
Chebameko & Toutewich, 1960; Polnikov, 1962; Mansour & Al-Hadith] 1967; 
and Al-Mehaidi, 1970).
Al-Ansari (1972, unpub.) during the mapping o f part of the Makhul 
a n t ic l in e  fo r  his MSc work, used the d iv is ions  defined elsewhere by 
Kitchen (1927) to div ide the Lower Pars Formation in to  four informal 
uni ts .
The most important comprehensive and recent work was carried out 
in 1975 by the Geological Survey of Iraq. The aim of the work was to 
complete a new geological map of the area between Fathah and Mosul of 
about 5000 km^. A1-Mubarak (1976, unpub.; 1978) divided the Lower Pars 
Formation in to  two members, each member then subdivided in to  three or 
four un its  (see section 1 .2.3).
2.1.3 Fathah Section
The Lower Pars Formation in the Fathah area has a thickness of
444.35 metres of cyc l ic  deposition and represents a carbonate - evaporite 
facies. The contact of th is  Formation with the underlying Jeribe Forma­
tion  is  conformable, here taken at the base of the f i r s t  appearance of 
gypsum. The boundary with the overlying Middle Pars Formation is trans­
i t io n a l ,  here taken at the top of the la s t  th ick gypsum horizon ( p i . 1.3).
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The Formation can be divided in to  two members according to l i t h o -  
log ica l and physical properties. These members are here termed the 
Lower and Upper Members, and within each member a number of marker h o r i­
zons can be recognised ( f ig .  2 .2).
2.1.3a Lower Member
The Lower Member of the Lower Fars Formation at th is  lo c a l i ty  
( f ig .  2.2) comprises some 153.45 metres of cyc l ic  sediments. The lower
4.35 metres is considered to be a tra n s it io n a l zone between the Lower 
Fars and Oeribe Formations. Two types of c yc l ic  deposition can be rec­
ognised. The f i r s t  type is  represented by the lower 49.4 metres above 
the t ra n s it io n a l zone and comprises some s ix  asymmetrical cycles of 
carbonate and gypsum (p i. 2.2) in  the sense tha t both rock types rest 
with sharp, although ir re g u la r ,  contact on each other. The thickness of 
each cycle ranges from 2 - 13.2 m., with the gypsum being the th ickest 
un it  and ranging from 0.4 - 12 m, w h i ls t  the carbonate ranges from 0.6 - 
6 metres. There is  no regular increase or decrease in e ithe r the th ic k ­
ness of the cycles as a whole or the thickness of ind iv idua l rock un its  
through the succession ( f ig .  2.3). The second type of c yc l ic  deposition 
is represented by the upper 99.7 metres and comprises some seven asym­
metrical cycles of greenish grey marl, carbonate and gypsum (p i. 2.3).
The marls pass upward gradually in to  more calcareous rocks, while the 
gypsum rests on, or underlies, the marl and carbonate with sharp i f  
i r re g u la r  contact. However, an ind iv idua l cycle is  not always carried 
out to completion; a cycle may be arrested or repeated at any stage of 
i t s  development. (The same s itu a t ion  has been described from the Iranian 
basin-centre facies of the Gachsaran Formation (formerly termed Lower 
Fars Formation) by G i l l  & Ala (1972)). The gypsum is the th ickes t u n it  
(5.4 - 20 metres th ick ) in the cycle i f  i t  ex is ts  at a l l  and the marls 
(1 - 9.5 metres th ick ) are consistently  th icke r than the carbonate (0.6 - 
5 metres th ic k ) .  The thickness of an ind iv idua l cycle varies from 9.8 - 
22 metres but not in a regular pattern ( f ig .  2 .3).
2.1.3b Upper Member
The sequence o f th is  Member at th is  lo c a l i t y  ( f ig .  2.2) is rep­
resented by some 290.9 metres, comprising 20 asymmetrical cycles of
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F ig , 2 . 2  : Lithologie section of the Lower Fars Formation at Fathah
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Plate 2.2 Asymmetrical c yc l ic  deposition o f carbonate and 
gypsum w ith in  the Lower Member of the Lower Fars 
Formation in  the Fathah area
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Lower Fars Formation at Fathah
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FIG.2.4: SECTION OF PART OF THE U f P E R  M EM B ER  OF 
LOWER FARS F O R M A TIO N  AT FATH AH SHOWING 
CYCLIC DEPOSIT ION.
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elopment w ith in  the Upper cycles of the Upper 
Member o f the Lower Fars Formation at Fathah
35
deposition (the ind iv idua l cycles range in thickness from 3 - 28.3 
metres) of greenish grey marl, passing upward gradually in to  more c a l ­
careous rock. The marls are overla in by carbonate rocks and then 
capped by gypsum. The gypsum is overla in by brownish red mudstone 
( f ig .  2 .4). Sometimes in the upper cycles, the mudstone becomes 
coarser, s i l t y  or sandy (p i.  2 .4). However, an ind iv idua l cycle is  not 
always carried to completion; a cycle may be arrested, or repeated at 
any stage of i t s  development. The gypsum (0.8 - 24 metres th ic k ) ,  which 
is  the th ickes t u n it  in the ind iv idua l cycle, with the exception of two 
cycles, rests on, or underlies, the mudrocks or carbonate rocks with 
sharp and i r re g u la r  contact.
The brownish red mudstone becomes more abundant, s i l t y ,  and 
th icke r in the upper cycle (p i. 2.5) vnth thickness ranges from 0.8 -
12.7 metres, w h ils t  the greenish grey marl has a thickness of 0.4 - 6.5 
metres. The carbonate, which is  the th inner u n it  in the cycles, has 
thickness ranging from 0.1 - 1.2 metres. Neither the thickness of the 
cycles as a whole nor tha t o f any ind iv idua l rock types increase or dec­
rease in a regular pattern.
2.2 Sheikh Ibrahim Area
2.2.1 General In troduction
The Sheikh Ibrahim mountain l ie s  about 35 kilometres west o f Mosul 
( f ig .  1 .1). The area l ie s  in the Qalian Subzone - Mosul Block of the 
F o o th i l l  Zone of Iraq ( f ig .  1.2). I t  is  s ituated near the southern mar­
gin of the Folded Zone (Dunnington, 1958; Al-Naqib, 1959) of Iraq and i t  
represents the t ra n s i t io n  zone between the Alpine type area in  the NE and 
the Arabian Shield in the SW. The southern margin o f the Folded Zone is 
not s tra ig h t but there is  a f lexure  which changes from east - west in 
d ire c t ion  near the Syrian border to NW - SE in d irec t io n  south o f Mosul 
(Al-Jumaily & Domaci, 1976).
Sheikh Ibrahim mountain is a r e la t iv e ly  long narrow asymmetrical 
a n t ic l in a l  s tructu re  of N65°W d ire c t io n  separated from the adjacent a n t i ­
c l ines by wide shallow synclines. The section was measured in the steeper 
southern limb.
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Six formations have been recognised in the area during geological 
mapping of the Mosul - Tel Afar area carried out by the Geological 
Survey of Iraq in 1976. These formations are from older to younger:
Avanah Limestone, Euphrates Limestone, Jeribe Limestone, Lower Fars,
Middle Fars, and Upper Fars. They range in age from Eocene - Late 
Miocene and are overla in by sediments of Quaternary age ( f ig .  2.5).
The thickness of the sediments in th is  area is  about 550 metres 
and the Lower Fars Formation has a supposed thickness of 320 metres 
Al-Jumaily e t a l.  (1978, unpub.), while as defined in the present study,
the formation has a thickness of 445.95 m.
2.2.2 Previous Research
Previously, many works have been conducted on mapping of the i n ­
d iv idual s truc tu res. The f i r s t  work was carried out by geologists o f 
the Turkish Petroleum Co. during the 1920's. Although the aim of the 
work was to discover po ten tia l o i l  f ie ld s ,  the re s u lt  was to give a gen­
eral p ic tu re  o f the stra tig raphy and structure  of the area.
Five formations have been recognised in the Sheikh Ibrahim a n t i ­
c l in e  by the author in 1976 during geological mapping of the Mosul- Tel
Afar area carr ied  out by the Geological Survey of Iraq.
Shawkat & Tucker (1978) studied s trom ato lites and sabkha cycles 
from the Lower Fars Formation of Iraq in part o f the Sheikh Ibrahim 
a n t ic l in e  area.
Al-Jumaily (1978, unpub.) used e ssen t ia l ly  the same d iv is ions  as 
those adopted elsewhere by A1-Mubarak (1976) to subdivide the Lower Fars • 
Formation in the Mosul - Tel Afar area, although f ind ing  i t  necessary to 
fu r th e r  subdivide some un its  (e.g. A1-Mubarak's u n i t  A), ye t combine 
others (u n i t  E + F) (see section 1.3 .3).
Ahmad (1980, unpub.) studied the facies of the fo s s i l i fe ro u s  lime­
stones of the Lower Fars at lo c a l i t ie s  which included Sheikh Ibrahim.
According to Ahmad (1980, unpub.), the Lower Fars at Sheikh Ibrahim has a 
thickness of 412 metres.
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2.2.3 Sheikh Ibrahim Section
The Lower Fars Formation at th is  lo c a l i t y  has a thickness of 
445.95 metres of c yc l ic  deposition ch a ra c te r is t ic  of the basin-centre 
fac ies. The contact o f th is  Formation with the underlying Jeribe 
Formation in th is  p a r t icu la r  area is  sometimes represented by an 
angular unconformity due seemingly to the presence of two palaeohighs 
(see section 1 .2 .5 ), but usually the contact is  conformable and is  here 
taken a t the base of the f i r s t  appearance of gypsum. The boundary with 
the overlying Middle Fars Formation is  t ra n s i t io n a l  and is  here taken
at the top of the la s t  th ick gypsum horizon.
The Formation was divided in to  two members according to the pres­
ence or absence of brownish red mudstone. These Members are the Lower 
and Upper Members and w ith in  each member, several marker horizons can be 
recognised ( f ig .  2 .6).
2.2.3a Lower Member
The sequence of th is  member a t th is  lo c a l i t y  is  represented by 
some 249.85 m, comprising some 21 asymmetrical cycles o f greenish grey 
marl, carbonate, and nodular gypsum (p i.  2 .6). However, an ind iv idua l 
cycle is  not always carried to completion; a cycle may be arrested or 
repeated at any stage o f i t s  development ( f ig .  2 .7 ). The marl passes 
upward gradually in to  more calcareous rock while the gypsum rests on, or 
underlies, the marls and carbonates with sharp and i r re g u la r  contact.
The gypsum is  the th ickes t u n i t  in the cycle i f  present (1.3 - 33.2
metres th ick ) and is  well developed in the upper cycles, where the marls
(0.2 - 6 metres th ick )  are also well developed. The carbonate rocks, 
v/hich form the th inner u n i t ,  have a thickness of 0.15 - 13 metres, the 
13 m horizon forming a d is t in c t iv e  marker horizon. There is no reg­
u la r i t y  in va r ia t ion  of the thickness of the cycles (2.5 - 34.2 metres) 
or of th e i r  constituent rock types through the succession ( f ig .  2 .7).
2.2.3b Upper Member
The sequence of th is  member at th is  lo c a l i t y  is represented by 
some 196.1 m, comprising some 18 asymmetrical cycles ranging from 3.6 -
30.8 metres in thickness) of greenish grey marl, carbonate, gypsum, and 
brownish red mudstone ( f ig .  2 .8). However, the cycle is not always
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Plate 2.7 Contact between brownish red mudstone and
greenish grey marl w ith in  the Upper Member of 
the Lower Fars Formation at Sheikh Ibrahim
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complete; sometimes one or two rock types are missing. The boundary 
between the marl and the mudstone is erosional (p i.  2 .7), and the 
greenish grey marl passes upward gradually in to  more calcareous rocks. 
The gypsum rests on, or underlies, the mudstone and carbonate with 
sharp and i r re g u la r  contact. The gypsum is  the th ickes t u n it  in any 
ind iv idua l cycle with but few exceptions, and is  0.6 - 20.4 metres 
th ick . The brownish red mudstone, 1 - 20 metres thick,.becomes abun­
dant, s i l t y  or sandy, and th icker in the upper cycles. The greenish 
grey marl has a thickness of 0.3 - 6.1 metres. The carbonate, which 
is the th innest u n i t  in the cycles, has a thickness of 0.3 - 1.5 metres. 
Neither the thickness of the cycles nor o f th e ir  constituent rock types 
increases or decreases in a regular order.
2.3 Butma area
2.3.1 General In troduction
Butma mountain is  s ituated in the NW part of Iraq ( f ig .  1.1) some 
40 kilometres to the southwest of Duhok (longitude 42°39' and la t i tu d e  
36°49'). The area l ie s  in the Qalian subzone - Gussir Block of the 
F o o th i l l  Zone of Iraq ( f ig .  1.2). This part o f the F o o th i l l  Zone rep­
resents the t ra n s i t io n  zone between the Alpine type area in  the NE and 
the Arabian Shield in the SW.
Butma mountain is a re la t iv e ly  long narrow asymmetrical a n t i ­
c l in a l  s tructure  of E - W d irec t io n  separated from the adjacent a n t i ­
c lines by a wide shallow syncline (p i.  2 .8 ). The section was measured 
in the gentle southern limb. The Butma a n t ic l in e  is  represented by two 
domes, Butma West and Butma East. This a n t ic l in e  is  s t ru c tu ra l ly  and 
topographically higher than the adjacent a n t ic l in es  to the west of the
T ig r is  River where the highest elevation recorded is  602.6 m, w h i ls t  the
lowest point is  in the T ig r is  va lley  (245 m).
The drainage is  influenced and contro lled by s truc tu re , including 
bedding, jo in ts ,  and fo lds . The drainage patterns developed are mainly 
d end r it ic  and subdendritic (Munir, 1977,unpub.).
Seven formations have been recognised in the area during the
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Plate 2.8 Steeper southern limb of the Butma a n t ic l in e ,  
showing the morphology of the area and the 
carbonate rocks making d is t in c t iv e  ridges
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geological mapping of Duhok-Ain Zala area, ranging in age from Eocene 
to Pliocene and overla in by Quaternary cover ( f ig .  2 .9 ). Only three 
formations have been described in the Butma area, as such. These are: 
Euphrates, Lower Fars, and Upper Fars Formations, ranging in  age from 
Early to Late Miocene and overla in by a Quaternary cover (Munir, 1977, 
unpub.). The Lower Fars Formation has a thickness of 630 m according 
to Munir (1977, unpub.), while as defined in the present study, the
Formation has a thickness of 598.15 m.
2.3.2 Previous Research
Previously, the area has been surveyed comparatively we_LL 
Marie (1931) made a reconnaissance survey o f the western T ig r is  s truc­
tures, describing de ta iled  l i th o lo g ic a l  sections from several structures
and defin ing two marker beds. Part o f his s tra t ig raph ie  conclusion was 
la te r  changed. McFadyen (1935), Schmidt (1936), Perry (1939), and Smout 
(1952) worked on mapping of the ind iv idua l structures in the area. Later 
on, in  order to locate potentia l o il-producing structures and subsequently 
to develop the Butma o i l  f i e ld ,  f i f t e e n  wells were d r i l le d  in the Butma 
a n t ic l in e  by the Mosul Petroleum Co. The results  gave a good p icture of 
the local s tra tig raphy and s truc tu re .
The most recent work was carried out by the Geological Survey of 
Iraq in  1976. The aim of the work was to complete a new geological map 
of the area between Duhok-Ain Zala-Butma. Munir (1977), in  his unpub­
lished report on the area, used the same sub-div is ion of the Lower Fars 
Formation used by the Geological Survey of Iraq ( i . e .  the A1-Mubarak 1976 
d iv is ions) with a re s tr ic te d  development and extra subdivision of certa in 
units (e.g. un it  A) and vice-versa fo r  others (e.g. units E and F) (section 
1.3.3).
2.3.3 Butma Section
The Lower Fars Formation in the Butma has a thickness of 598.15 
metres of c yc l ic  deposition and represents a carbonate - evaporite facies. 
The contact of th is  Formation with the underlying Euphrates Formation is 
disconformable, taken at the base of the f i r s t  appearance of gypsum. The 
boundary with the overlying Upper Fars Formation is  conformable, taken at
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the top of the la s t  th ick  gypsum ( i .e .  at the base of the f i r s t  th ick 
sandstone bed).
The Formation can be divided in to  two members according to l i t h o -  
logical and physical properties. These members are the Lower and Upper 
Members and w ith in  each member a number of marker horizons can be reco­
gnised ( f ig .  2.10).
2.3.2a Lower Member
This member is  represented by some 415.4 metres, comprising some 
32 cycles of asymmetrical type ( f ig .  2.11). Each cycle begins with 
greenish grey marl, passes upward gradually in to  more calcareous rock, 
and is then capped by nodular gypsum which rests on, or underlies, the 
carbonate or marl with sharp and i r re g u la r  contact (p i.  2 .9). However, 
an ind iv idua l cycle (thickness of cycles ranges from 2.5 - 42.3 m) is 
not always carried to completion; a cycle may be arrested, or repeated 
at any stage of i t s  development (p i. 2.10). The gypsum is  well developed 
in the upper cycles and is  the th ickes t u n it  in  the cycles (thickness of 
ind iv idua l horizon 1.1 - 40 m). Although the carbonate rocks are the 
th innest u n i t  in each ind iv idua l cycle (thickness 0.2 - 6.4 m), they 
reach 14.2 m and 38 m in the two d is t in c t iv e  carbonate marker horizons.
The marl is  well developed throughout the member and has a thickness 
range from 0.4 - 13.2 metres.
2.3.3b Upper Member
This member is represented by some 182.95 metres, comprising some 
14 asymmetrical cycles (thickness of cycles ranges from 2 - 35.1 m).
Each cycle consists of greenish grey marl, carbonate, gypsum and brownish 
red mudstone ( f ig .  2.12). However, the cycle is  not always carried to 
completion; a cycle may be arrested, or repeated at any stage o f i t s  dev­
elopment. The boundary between the marl and the mudstone is  sharp w h ils t  
the greenish grey marl passes upward gradually in to  more calcareous rocks. 
The gypsum rests on, or underlies, the mudstone and carbonate with a sharp 
and i r re g u la r  contact. The gypsum is  the th ickes t u n i t  in each ind iv idua l 
cycle with the exception of a few cycles, and has a thickness range from
1.3 - 25 metres.' The brownish red mudstone becomes s i l t y  or sandy and
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Plate 2.9 Asymmetrical c yc l ic  deposition of marls, carbon­
ates, and gypsum w ith in  the presumed basin-centre 
facies o f the Lower Member of the Lower Fars 
Formation at Butma
Plate 2.10 Cyclic deposits w ith in  the Lower Member of the 
Lower Fars Formation at Butma showing one cycle 
with gypsum missing ( l e f t ) ,  succeeded by another 
with carbonate missing
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th icker in the upper cycles with thickness ranges from 0.3 - 16.2 metres, 
The carbonate which is the th innest un it  in the cycles, has a thickness 
range from 0.5 - 2.2 metres. Neither the thickness of the cycles nor of 
any constituent rock type increases or decreases in a regular order 
through the succession.
2.4 Shaqlawa Area
2.4.1 General Introduction
The Shaqlawa section described here is  situated in the NE limb of 
the Safin a n t ic l in e ,  about two kilometres NE from Shaqlawa ( f ig .  1.1). 
This area l ie s  in the Amadiya - Shaqlawa subzone of the High Folded Zone 
of the Unstable Shelf of Iraq ( f ig .  1 .2). The southwestern boundary of 
th is  subzone is  the boundary between the High Folded and F o o th i l l  Zones.
S tru c tu ra l ly ,  the area consists of re la t iv e ly  narrow NE - SW 
trending an t ic l ines  separated from each other by narrow synclines which 
extend p a ra l le l  to the a n t ic l in a l  axes. Morphologically, th is  area is 
higher than the adjacent SW area and elevation increases in a NE d i r ­
ecti on.
Geolog ica lly , the exposed rocks in th is  area range in age from 
Cretaceous (Albian) to Upper Pliocene and are overla in by a Quaternary 
cover. The thickness of the sediments is about 4000 metres ( f ig .  2.13).
The Lower Fars Formation forms a continuous b e lt  in the south­
western limb o f the Perman and Koisanjaq a n t ic l in es . Towards the north 
of Salahiddin, i t  covers the troughs of the synclines which e x is t  between 
the Perman, Safin, Mirawa and Harir a n t ic l in e s ,  but i t  does not continue 
along the synclines. I t  extends only fo r  a few hundreds o f metres east 
of the main Salahiddin - Shaqlawa - Harir road, where i t  pinches out due 
to plunging. In the Safin syncline, i t  extends fo r  about 4 kilometres 
east of th is  road, where i t  again pinches out due to plunging. On the 
southwestern limb o f the Harir a n t ic l in e ,  the la s t  exposure of th is  form­
ation occurs ( i . e .  th is  forms the northern l im i t  of the preserved depo- 
s i t io n a l basin) (S iss ik ian , 1980, unpub.). The Lower Fars Formation is
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FIG.2.13;GE0L0GICAL m a p  o f  s h a q l a w a  AREA(from Sissakin,1980).
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not as well developed in th is  area as at the three lo c a l i t ie s  ju s t  des­
cribed, or as well developed as in the F o o th i l l  Zone generally.
2.4.2 Previous Research
The Lower Fars Formation in the High Folded Zone has not prev­
iously been studied in as much de ta il  as i t  has in the F oo th i l l  Zone.
Most of the previous works on the area deal with the general geology of 
Iraq, local s truc tu re , hydrological and mineralogical studies (van Bel 1 en 
et a l . ,  1959; Ditmar et  a l . ,  1971; Haddad, 1973; A l-Shaikh et  a l . ,  1975;
Buday, 1980). The most important previous study was carried out by the 
Geological Survey of Iraq in 1979. The main aim of that work was to 
complete a new geological map on a scale 1 : 100000 o f the Erb il - Shaqlawa 
- Koisanjaq - Raidar area of NE Iraq.
Sissakian (1980, unpub.), in his report on the area, mentioned the 
recognition of c yc l ic  deposition of cl aystone, limestone and gypsum, but 
usually the gypsum is  absent in the cycles, especia lly  in  the north­
western part o f his area. Also, he recognised 3 - 5  gypsum horizons of 
1 - 5 metres th ick  in the northeastern part, three kilometres west of 
Ziyarat v i l la g e ,  where sometimes i t  reaches 10 metres thickness.
2.4.3 Shaqlawa Section
The Lower Fars Formation in the Shaqlawa area comprises some 208.75 
metres o f c la s t ic  and carbonate sediments ( f ig .  2.14 and p i.  2.11). I t  
represents the basin margin facies and is  composed of some 14 asymmetrical 
cycles of greenish grey marl overla in by carbonate rock and then by brown­
ish red mudstone ( f ig .  2.15 and p i.  2.12). The greenish grey marl passes 
upward gradually in to  more calcareous rocks, while the.calcareous rock 
underlies the brownish red mudstone with a sharp contact. The marl rests 
on the mudstone with sharp contact.
The mudstone becomes more s i l t y  at the upper part and sometimes 
sandstone horizons (0.15 - 1.0 m th ick  and occasionally 4.0 m) ex is t in 
the upper 30 m of the sequence (p i.  2.13). These sandstone beds are red­
ish brown to grey in colour, th in ly  bedded, f ine  to medium grained and 
sometimes calcareous.
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Plate 2.11 The carbonate-clastic faciès of the presumed 
basin-margin facies of the Lower Fars 
Formation at Shaqlawa. The brownish red mud­
stone is  very well developed in  th is  facies
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Plate 2.12 Asymmetrical c yc l ic  deposition of marl, carbon 
ate and brownish red mudstone in  the basin- 
margin facies of the Lower Fars Formation at 
Shaqlawa. Gypsum is  to ta l l y  lacking
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Plate 2.11 The carbonate-clastic facies of the presumed 
basin-margin facies of the Lower Fars 
Formation at Shaqlawa. The brownish red mud­
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ate and brownish red mudstone in the basin- 
margin facies of the Lower Fars Formation at 
Shaqlawa. Gypsum is t o ta l ly  lacking
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Fig. 2.15 :Section of part of the Lower Fars Formation in the 
Shaqlawa area showing the cyclic deposition of 
marl, carbonate, and mudstone.
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a
Plate 2.13 Mudstone sequence w ith in  the Lower Fars
Formation at Shaqlawa showing the sandstone 
beds w ith in  the sequence (arrow)
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' m  À
Plate 2.13 Mudstone sequence w ith in  the Lower Fars
Formation at Shaqlawa showing the sandstone 
beds w ith in  the sequence (arrow)
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The greenish grey marl has a thickness range from 0.2 - 6.3 m 
and is usually  th inner than the brownish red mudstone (0.2 - 18 m 
th ic k ) .  The carbonate rock has a thickness range of 0.15 - 1.0 m and 
sometimes reaches 6.0 m, decreasing upward.
Gypsum rocks are to ta l l y  lacking in  th is  p a r t ic u la r  section, 
except fo r  a few laminated secondary gypsum (se len ite ) horizons present 
w ith in  the mudstone (p i.  2.14). However, ju s t  a few kilometres to the 
SW, two to three th in  nodular gypsum horizons can be recognised within 
the sequence of the Lower Fars Formation (p i. 2.15).
Because of the lack o f gypsum horizons, the lower boundary of the 
Lower Fars Formation with the underlying P ila Spi Formation of Eocene
age is here taken at the base of a basal conglomerate bed (1.0 - 5.0 m
th ick ,  p i .  1.1). The upper contact with the Upper Fars, is  t ra n s i t io n a l ,
and is  here taken a t the top o f the la s t  th ick  limestone horizon (6.0 m
th ic k ) ;  i . e .  at the base of the f i r s t  th ick  sandstone bed (p i.  1.6).
mi ' iô te  2,14 Secondary gypsum (se len ite ) w ith in  the brownish 
red mudstone of the Lower Fars Formation at 
Shaqlawa
Plate 2.15 Two gypsum horizons (arrows) w ith in  the carbon­
a te -c la s t ic  facies of the Lower Fars Formation 
SW of Shaqlawa (Salahiddin area)
w,
$
Plate 2.14 Secondary gypsum (se len ite) w ith in  the brownish 
red mudstone of the Lower Fars Formation at 
Shaqlawa
Plate 2.15 Two gypsum horizons (arrows) w ith in  the carbon­
a te -c la s t ic  facies of the Lower Fars Formation 
SW of Shaqlawa (Salahiddin area)
62
C H A P T E R  3
SEDIMENTOLOGY
3.1 General Introduction
The Lower Fars Formation in  Iraq comprises two regional facies 
( f ig .  1 .5): a basin-centre facies characterised by s ig n i f ic a n t  evap-
or ites  (p i.  2 .9 ), and a basin-margin facies dominated by e las tics  
(p i.  2.15). The Formation overall is  divided in to  two members, brown­
ish red mudrocks being diagnostic o f the Upper Member, w h i ls t  grey- 
green mudrocks are common in  both Lower and Upper Members. Each 
member is  characterised by cyc l ic  deposition, carbonates and mudrocks 
being a s ig n i f ic a n t  component o f each cycle (see Chapter 2).
To f a c i l i t a t e  description and discussion o f the Formation, i t s  
component l i th o lo g ie s  are here divided in to  four d if fe re n t  l i th o fa c ie s ,  
namely: mudrocks, carbonates, sulphates, and sandstones. Each l i t h o ­
facies is  subdivided in to  sub litho fac ies as shown in figu re  3.1. This 
Chapter describes the macrofacies, microfacies and diagenetic h is to ry  
of each l i th o fa c ie s  or sub litho fac ies .
There has been l i t t l e  deta iled  previous work on the sedimentology 
of the Lower Fars Formation in Iraq. Ibrahim (1978, unpub.) studied 
the sedimentology of marker beds of th is  Formation, but only from bore­
holes in  the Kirkuk Oil f ie ld  and outcrops in  the Fathah area of north 
Iraq. Mustafa (1980, unpub.) also studied the sedimentology of th is  
Formation, but only in the S in ja r Basin of northwestern Iraq. Although 
he subdivided the l i th o lo g ie s  in to  l i th o fa c ie s  on the basis of f ie ld  
observations, he did not study e ith e r  th e i r  microfacies or th e ir  diagen­
e t ic  h is to ry . There are a d d it io n a l ly  many unpublished th in  section des­
cr ip t ions of Lower Fars rocks (e.g. B e t t i ,  1977; Al-Basha, 1978; Ahmad, 
1980), but these are descrip tive  rather than in te rp re t ive  accounts.
The fo llow ing sections record the author's observations on l i t h o ­
facies and sub litho fac ies in the general order (except fo r  the brownish
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red mudstone) in which they occur in a complete cycle.
3.2 Mudrock l i th o fa c ie s
This l i th o fa c ie s  can be divided in to  two sub litho facies as in ­
dicated in f igu re  3.1, on the basis o f differences in colour, petrology 
and mineralogy.
3.2.1 Grey-Green Marl sub litho fac ies
3.2.1a Macrofacies
This sub litho fac ies  can be eas ily  recognised in both the Lower 
and Upper Members of the Lower Fars Formation of Iraq throughout both the 
basin-centre and basin-margin successions. Each marl un it  has a near 
constant thickness in local outcrop, but marls range widely in  thickness 
(0.2 - 13.2 m) through the succession. Sometimes the cycles lack a marl 
component completely as in the lower s ix  cycles in the Fathah area ( f ig .  
2.3A) and some cycles in the Sheikh Ibrahim and Butma areas.
The marl beds have a colour range o f pale grey to greyish green. 
They are th in ly  bedded, occasionally laminated, and always weathered at 
the outcrop. Where frac tu red , the fractures are commonly f i l l e d  by sec­
ondary gypsum (se len ite ) .
Gypsum nodules are very common in th is  sub litho fac ies , especia lly 
in the higher cycles of each member. These isolated single nodules or 
clusters of small nodules of gypsum, up to 50 mm in diameter, have a 
spherical or subspherical shape (p i.  3 .1). The frequency and size of 
the nodules increase upward, toward the overlying carbonate and sulphate 
horizons.
3.2.1b Microfacies
That th is  microfacies is calcareous was read ily  observed by diges­
tion  of samples in weak HCl acid. There is  a marked tendency fo r  the 
carbonate content to increase upward through any ind iv idua l marl u n it  
towards the carbonate l i th o fa c ie s  which succeeds i t ,  but an overall tend­
ency fo r  the marl, to become less calcareous upward through each of the 
four s tra t ig ra ph ie  sections, p a r t ic u la r ly  in the Upper Member and in the
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Plate 3.1 Gypsum nodules or 
clusters w ith in  the 
carbonates and marls 
of the Lower Member 
of the Lower Fars 
Formation at Sheikh 
Ibrahim
Plate 3.2 Grey-green s i l t y  calcareous marl with near 
euhedral subrounded d e t r i ta l  quartz grains 
(HÇ6, Shaqlawa- x 25.2)
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Shaqlawa area. Mustafa (1980, unpub.) has also observed a decrease in 
carbonate re la t iv e  to the proportion of insoluble residues through 
part of the Lower Fars succession.
A re la t iv e ly  coarse fra c t io n  amongst the f in e r  grained a r g i l la ­
ceous material could be seen in th in  section (p i.  3.2) and in the in ­
soluble residues. That the coarse f ra c t io n  was predominantly composed 
of quartz grains was proved by th in  section examination and by X-ray 
d i f f ra c t io n  analysis. The quartz grains are small (0.02 - 0.1 mm), but 
generally subrounded, and therefore presumably d e t r i t a l .
Clay minerals forming the bulk of the argillaceous material have 
been id e n t i f ie d  fo r  the author by the Geological Survey of Iraq as i l l i te 
and c h lo r i te .  Grains included infrequent, small fragments of feldspars 
(both plagioclase and orthoclase), together with the heavy minerals 
z ircon, tourmaline, and s ta u ro l i te .  A small amount of p y r ite  was pres­
ent, as pseudomorphic c rys ta ls ,  ind ica ting  i t s  post-depositional o r ig in .
Fossils found w ith in  th is  sediment include molluscs (notably 
oysters), ostracods and foram in ifera (as described in Chapter 4).
3.2.2 Brownish red mudstone sub litho facies
3.2.2a Macrofacies
This sub li tho fac ies , which can be eas ily  recognised and followed 
in the f i e ld  because of i t s  colour, is  considered to be the most char­
a c te r is t ic  l i th o lo g ie  feature of the Upper Member of the Lower Fars 
Formation of Iraq. A d d it io n a lly ,  i t  dominates the l i tho lo gy  of the basin- 
margin fac ies.
I t  has a brown-brownish red colour, and is f r ia b le ,  generally mas­
sive but occasionally laminated in bedding and breaks with conchoidal 
f rac tu re . The thickness of th is  sub lithofac ies is  variab le  la te ra l ly  as 
well as v e r t ic a l ly  w ith in  the same section, but generally i t  becomes 
th icker upward in the sequence at a l l  lo c a l i t ie s  (see Chapter 2). Gypsum 
nodules as well as se len ite  c rys ta ls ,  s im ila r  to those found w ith in  the 
grey-green m a r ls ,a re  embedded w ith in  th is  microfacies, se len ite  being
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found along frac tu re  planes (p i.  2.14). This mudstone becomes gradually 
coarser upward in the sequence, even with some th in  horizons of f ine  
grained sandstone in the uppermost part (p i.  2.15). Sometimes the sand­
stone layers reach a thickness of four metres in the basin-margin facies 
(section 2.4.3 ; p i . 2.13).
This sub litho fac ies is generally present in  the Upper Member, 
where i t  is  in ferred to mark the end of each cycle o f deposition. How­
ever, i t  is  absent from some, presumably incomplete cycles, p a r t ic u la r ly  
the lower cycles of the Upper Member in the Sheikh Ibrahim, Butma and 
(less noticeably) Fathah areas. Brownish red mudstones are very well 
developed in the cycles of the Shaqlawa section (p i.  2.11).
3.2.2b Microfacies
Thin sections of th is  microfacies ind ica te  tha t i t  is dominated 
by s i l t y  calcareous mudstone, sometimes gypseous mudstone. The a r g i l ­
laceous materia ls are admixed with t in y  fragments (p i .  3 .3). The s i l t y  
framework is  generally composed of s i l t y  to sandy size, euhedral, sub­
rounded to subangular d e t r i ta l  quartz ( f ine  to coarse) as well as an- 
hedral shaped carbonate extrac lasts .
The calcareous material in th is  sub litho fac ies is less than in 
the marl sub li tho fac ies , w h i ls t  the d e t r i ta l  quartz, fe ldspar, mica 
percentages are higher. The d e t r i ta l  quartz increases upward in the 
ind iv idua l horizon as well as v e r t ic a l ly  in the sequence and la te ra l ly  
toward the basin-margin fac ies.
The most abundant clay mineral present in th is  microfacies is 
ch lo r i te  beside the minor ones such as montmorilIonite, i l l i t e  and 
ka o l in i te .  Also some other minerals such as feldspar and zircon occur 
in minor portions.
I t  is  assumed that the red and green colouration of the Lower 
Fars mudrocks re f le c t  the presence/absence of f in e ly  divided fe r r ic  
oxide (haematite) as i t  does in mudrocks in general (Pett i john , 1957), 
and tha t th is  in turn re f le c ts  the state o f oxidation or reduction of
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Plate 3.3 Brownish red s i l t y  calcareous mudstone with 
f in e  to coarse near euhedral, subrounded to 
subangular d e t r i ta l  quartz grains (H54, 
Shaqlawa. x 25.2)
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the sediments (B la t t  et  a l . ,  1972). Betti (1977, unpub.) analysed more 
than 100 mudrock samples from the Mosul region of Iraq. He claimed 
that the ra t io  of T i02/ A l 20g increased s l ig h t ly  in the brownish red 
mudstone ( f ig .  3 .2). Also, he found tha t the iron oxide content in the 
grey-green marl is  less than tha t in the brownish red mudstone, w h ils t 
the content o f CaO% and MgO% tends to decrease in the brownish red mud­
stone ( f ig .  3.2).
The fo s s i ls  found w ith in  th is  microfacies are mainly ostracods 
(especia lly in the basin-margin fac ies) and foraminifera (see Chapter 4)
3.3 Carbonate l i th o fa c ie s
This l i th o fa c ie s  can be divided in to  two sublithofacies according 
to mineralogical composition: a dolostone sublithofacies (characterised
by abundant dolomite), and a limestone sub litho facies (dominantly or ex­
c lu s ive ly  c a lc i te )  ( f ig .  3 .1).
3.3.1 Dolostone sub litho fac ies
a) Macrofacies
This sub litho fac ies  is  the dominant calcareous rock in the Lower 
Member of the Lower Pars Formation throughout the thesis area. I ts  co l­
our generally varies from greyish white to grey on fresh ly  broken sur­
faces, while i t s  weathered surface is  grey to brownish grey. Rocks of 
th is  sub litho fac ies  are re la t iv e ly  hard (weather re s is ta n t) ,  so they 
make very d is t in c t iv e  ridges (p i. 2 .8). They are th ic k ly  to th in ly  
bedded (0.1 - 0.4 m), occasionally with wavy lamination (5 - 50 mm) (pis 
3.4, 3 .5 ), jo in te d , h igh ly frac tured , re c rys ta l l ize d , bitumenous (p i.
3.6) and ra re ly  fo s s i l i fe ro u s  and gypsiferous. Beds of th is  sub li tho ­
facies generally decrease in thickness up the succession and th in  la te r ­
a l ly  (e.g. marker horizon C o f the Geological Survey's Units at Fathah 
5 m, at Sheikh Ibrahim 13 m, and at Butma 14.2 m). Some of these h o r i­
zons were observed to  pass la te ra l ly  in to  gypsum or mudrocks, as des­
cribed byM a'a laet al.  (1976, unpub.) and A1-Mubarak (1978) (see also 
section 1 .2 .2 ).
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Plate 3.4 Thinly bedded dolostone w ith in  the Lower 
Member of the Lower Pars Formation near 
Sheikh Ibrahim (Beds some 1.3 m th ick )
é
I
Plate 3.5 Thick carbonate bed showing a wavy lamination 
• with the Lower Member of the Lower Pars 
Formation near Sheikh Ibrahim
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Plate 3.6 Carbonate bed with 
bitumenous material 
in a large vein 
(dark colour at top 
of photo) w ith in  the 
Lower Member of the 
Lower Pars Formation 
at Sheikh Ibrahim
Plate 3.7 Foss ilife rous marly limestone w ith in  the Lower 
Member of the Lower Pars Formation near Sheikh 
Ibrahim. Fossils mainly oysters (10 f i l s  coin 
27 mm in diameter)
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These horizons have a t ra n s it io n a l lower boundary with the mud­
rocks and sharp but ir re g u la r  upper boundary with the gypsum. The 
lower parts of most of the horizons are mainly composed of highly fos­
s i l  iferous marly "limestone" with macrofossils (p i.  3 .7).
Gypsum nodules or fibrous gypsum are frequently present w ith in  
these beds, p a ra l le l  to the bedding planes and having a size of 5 - 50 mm 
in diameter (p i.  3 .1). Their frequency increases upward toward the over- 
lying gypsum beds. This phenomenon is  very clear in  the upper dolom itic  
carbonate horizons of the Lower Member (p i. 3.8).
Selected dolostone beds (o r ig in a l ly  id e n t i f ie d  only as "limestone") 
were used as marker horizons by o i l  company geologists (Sugden, 1951, 
unpub.; van Bel len et  al.   ^ 1959; Al-Naqib, 1959; and others) u n t i l  1975 
(pi. 3 .9 ).  Subsequent to that date, geologists o f the Geological Survey 
of Iraq adopted a new d iv is io n  of the Lower Pars Formation (section 1.2.3)
This sub litho fac ies  represents the t ra n s it ion a l zone between the 
marine mudstone and the supersaline evaporite in each typ ica l cycle. I t  
is th ickes t in cycles where the evaporite is missing.
b) Microfacies
Petrograph ica lly , the rocks of th is  sub lithofacies are composed of 
f ine  -  medium (0.01 - 0.2 mm s ize ), c lea r, subhedral-euhedral dolom itic 
c rys ta ls ,  some containing remnants of the o r ig ina l carbonate mud ins ide, 
and some e xh ib it ing  fa in t  zoning (p i. 3.10). X-ray d i f f ra c t io n  analysis 
showed tha t the percentage of dolomite ranges from 80% in the lower part 
of the Lower Member and decreases upward in the sequence, u n t i l  near the 
contact between Upper and Lower Members, the rocks become ha lf dolomite, 
ha lf c a lc i te .  The dolomite crysta ls  are set w ith in  a sparry ca lc i te  
cement.
In addition  to the dolomite, the rock contains up to about 20% 
m ic r i t ic  c a lc i te  (matrix) and 10% d e t r i ta l  grains (p i. 3.11). These 
grains are s i l t  to f in e  sand size (0.05 - 0.2 mm) grains of quartz, 
rounded to subrounded in shape, normally admixed with less than 2% clayey
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Plate 3.8 Gypsum nodules in  carbonate and marls w ith in  
the Lower Member of the Lower Pars Formation, 
southern flank of Butma a n t ic l in e ,  N. Iraq 
(Pencil is  some 145 mm long)
f m m
Plate 3.9 Carbonate marker (Y) 
used by o i l  co. 
geologists, termed 
Unit C by geologists 
of the Geological 
Survey of Iraq, 
w ith in  the Lower 
Member of the Lower 
Pars Formation in 
the Sheikh Ibrahim 
area
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Plate 3.10 Fine-medium, clean subhedral-euhedral dolom itic 
c rys ta ls  w ith in  the Lower Member of the Lower 
Fars Formation at Sheikh Ibrahim (S l/71 , x 25.2)
Plate 3.11 Dolomitised m ic r ite  with d e t r i ta l  quartz grains 
• (51/76, Sheikh Ibrahim, x 25.2)
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materials (exceptionally up to 5%). Some quartz f i l l s  voids and is 
hence of auth igenic o r ig in .
Allochems are b ioclasts of fo ram in ife rs , molluscs, ostracods, 
algae and echinoid spines together with occasional pe lle ts  and o o li te s , 
ranging from 0 - 40% of the bulk. The allochems increase upward in 
the sequence. The o r ig in a l shell fragments of molluscs have been very 
f in e ly  comminuted. Aragonite shells have neomorphosed to ca lc i te  (p i. 
3.12). Few of them are large. Most have been almost completely altered 
or destroyed by re c ry s ta l l iz a t io n ,  do lom itization  or to ta l so lu t ion .
Some shells have been encrusted by algae.
The rocks also contain some large voids of somewhat ir re g u la r  
shape. These are thought to represent the space l e f t  by some of the com­
p le te ly  dissolved fo s s i ls  (possibly molluscs). The sparry c a lc i te  f i l l s  
some of the ex is t ing  voids p a r t ia l ly  or completely (p i.  3.13).
3.3.2 Limestone sub litho fac ies
a) Macrofacies
This sub litho fac ies  is mainly res tr ic te d  to the Upper Member of 
the Lower Fars Formation, although found in a l l  the lo c a l i t ie s  w ith in  
the thesis area. I ts  colour when fresh generally varies from whitish 
grey to yellowish grey, or grey to brov/nish grey on weathered surfaces. 
The rocks of th is  sub litho fac ies , especia lly  those in the lower part, 
are re la t iv e ly  hard (weather re s is ta n t ) ,  so they make very d is t in c t iv e  
ridges (p i. 3.14). They are th in ly  bedded (0.1 - 0.5 m), occasionally 
th ic k ly  bedded (0.5 m), s l ig h t ly  marly, jo in te d ,  fractured , re c ry s ta l ­
l ized , undulating and fo s s i1i fe ro u s . Individual un its  are lo c a l ly  near 
constant in  th ickness; o ve ra l l ,  th e ir  thickness ranges from 0.1 - 1.7 
metres, and sometimes reaches 3 metres, with general decrease upward 
within the sequenceJ The fo s s i ls  are mainly shells of molluscs and 
ostracods arid they are badly preserved due to re c ry s ta l l iz a t io n  (pi.
3.15).
The lower and Upper boundaries of th is  facies with the other rock 
types are the same as in the dolostone sub litho fac ies . Gypsum nodules
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Plate 3.12 Molluscan shell fragments neomorphosed to sparry 
c a lc i te .  Traces of o r ig ina l layered structure 
transect the sparry c a lc i te  (Bl/49, Butma, cross 
polarised l ig h t ,  x 25.2)
Plate 3.13 Biomicrite with (?) molluscan shells dissolved 
• by so lu tion leaving the moulds empty or pa rt­
i a l l y  f i l l e d  (Bl/42, Butma, x 25.2)
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Plate 3.14 Limestone ridges w ith in  the Upper Member of 
the Lower Fars Formation near Butma
■ r ' l
r.
4 '
Plate 3.15 Foss ili fe rous limestone w ith in  the Upper Member 
of the Lower Fars Formation near Sheikh Ibrahim 
Fossils are mainly oysters (50 f i l s  coin 22 mm 
in diameter)
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are also present, but less abundant than in  the dolostone.t
Selected limestones were used as marker horizons by o i l  company 
geologists (B1 - B4 and R1 - R8) (Sudgen, 1951 unpub.; van Bellen et al.   ^
1959; Al-Naqib, 1959) u n t i l  1975. Subsequent to tha t date, geologists 
of the Geological Survey of Iraq adopted a new d iv is ion  of the Lower Fars 
Formation (section 1.2 .3), although they used some of the previous mar­
kers w ith in  th e ir  d iv is ions as markers to separate pa rt icu la r  units (e.g. 
Gypsum dominant u n i t  from claystone - gypsum u n i t ) .
This sub litho fac ies represents the t ra n s it ion a l zone between the 
marine mudstone and the supersaline evaporite in  each typ ica l cycle. I t  
is  th inner in  most of the cycles than e ithe r  mudrocks or sulphates.
b) Microfacies
The rocks of th is  sub litho fac ies are p r im ari ly  wackestone (p i.
3.16), with subsidary packstone. The wackestones dominate the rocks of 
th is  sub litho fac ies  in a l l  the four lo c a l i t ie s ,  while the packstones 
occur only in  the upper limestone horizons of the Upper Member (p i.  3.17)
X-ray d i f f r a c t io n  analyses showed tha t ca lc i te  is the dominant 
mineral in  th is  sub litho fac ies ranging from 90% in the upper part and 
decreasing downward in the sequence. The insoluble residue includes de t­
r i t a l  quartz and clay materia ls. The d e t r i ta l  quartz grains are f ine  
sand to s i l t  s ize, angular to subrounded in shape, admixed with about 2% 
clay material (p i.  3.18). The quartz increases upward in  the section, 
especia lly in the Sheikh Ibrahim and Shaqlawa areas, the la t te r  presum­
ably re f le c t in g  the proxim ity of land.
The allochems comprise benthonic fo ram in ife ra , molluscs, and os t­
racods together with occasional pe lle ts  and o o l i te s ,  ranging from 10 - 
50% of the bulk. They show an upward increase in the sequence and range 
in size from f ine  to coarse ca lcarenite dominated by m ic r ite  envelopes 
and cemented in te r  space (p i. 3.19). Some of the fo s s i ls ,  mainly mol­
luscs, have th e ir  in te r io rs  almost completely i n f i l l e d  with m ic r ite ,  
while the shells themselves appear to have been completely dissolved.
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Plate 3.16 Foramini fe ra l b iom icrite  (skeletal wackstone) 
with few quartz grains (82/32, Upper Member, 
near Butma, cross polarised l ig h t ,  x 25.2
Plate 3.17 B io-pe lsparite (coated grain lime packstone) 
• with some allochems in which quartz grains 
form the nucle i. Contacts between spar and 
p a r t ic le s  are sharp (S2/67, Sheikh Ibrahim,
X 25.2)
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Plate 3.18 Sandy biomicrosparite with d e t r i ta l  quartz 
grains (white c rys ta ls ) .  The fo s s i ls  are 
mainly foram in ifera (S2/53, Sheikh Ibrahim, 
cross polarised l ig h t ,  x 25.2)
Plate 3.19 Biosparite (skeletal lime packstone) with 
• coarse ca lcarenite dominated by th e ir  
m ic r i t ic  envelope (H60, Shaqlawa, x 25.2)
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However, the fo s s i ls  have been generally completely altered by neomor­
phism. The aragonite shells of molluscs appear to have been almost 
e n t i re ly  neomorphosed to c a lc i te  (p i. 3.20).
Pe lle ts  and oo li tes  are present in some samples. Some of the 
pe lle ts  are probably of faecal o r ig in  (p i.  3 .21), especia lly  in the 
lower horizons in a l l  lo c a l i t ie s .  Pe lle ts and oo li tes  increase upward 
to dominate the rock in the upper horizons. The oo liths  collected from 
washed samples from the upper horizons have d i f fe re n t  shapes, such as 
i r re g u la r ,  c y l in d r ic a l ,  ovoid, and spherical. They are generally y e l ­
lowish brown in colour under re flec ted  l ig h t .  Complete m i l io l id  tests 
and quartz grains were found to have been p a r t ia l l y  o o l i t iz e d ,  along 
with some of the mineral grains. Quartz grains form the nuclei of some 
oo li ths  (p i.  3.17) and the porosity is  formed by so lu t ion .
3.3.3 Diagenesis
Greensmith (1971), B la tt e t  al.  (1972) and Folk (1974) defined 
diagenesis as the chemical, physical and b io logica l changes, modification 
and transformation tha t sediments undergo a f te r  th e i r  i n i t i a l  deposition 
and during and a f te r  l i t h i f i c a t i o n ,  exclusive of weathering and meta­
morphism. They recognised tha t in te rp re ta t io n  o f the diagenetic h is tory 
of carbonate rocks is  necessary before deta iled in te rp re ta t ion  of the 
o r ig ina l environment of deposition of the sediments. I t  is  also the key 
to in te rp re ta t io n  of the various environments carbonates have been sub­
jected to  fo llow ing deposition.
Carbonate rocks show a greater degree of diagenetic a lte ra t ion  
than any other rocks in the Lower Fars Formation, as discussed below.
a) Compaction
Compaction o f sediments resu lts  in a reduction in sediment volume 
expressed as a percentage of the o r ig ina l void present. There are many 
fac to rs  which play a ro le  in compaction, such as grain size, texture, 
composition, e a r l ie r  re c ry s ta l l iz a t io n  and cementation (Eberhardt, 1968; 
Fuchtbauer, 1969). Maschner (1968) and Zankl (1969) stated that clay 
contamination plays a ro le  in compaction since i t  prevents cementation
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Plate 3.20 Biosparite showing molluscan grain fragments 
replaced by sparry c a lc i te .  Traces of 
o r ig in a l layered s tructure  transect the sparry 
c a lc i te .  Also mollusc grain fractured during 
compaction (S2/44, Sheikh Ibrahim, x 25.2)
Plate 3.21 Pe lm icr ite , the p e lle ts  are probably of faecal 
■ p e l le ts .  Upper Member, Butma area (B2/30,
X 25.2)
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and welding o f grain contacts.
That compaction processes affected the carbonate rocks of the 
Lower Fars Formation can be eas ily  recognised at a l l  lo c a l i t ie s .
Evidence fo r  the recognition of compaction includes: Outer layer of
ooids ex fo lia ted  (spalled o f f )  during compaction (p i.  3.22); in d is ­
t in c t  p e l le t  boundaries which give r ise  to the c lo tted  appearance of 
pe lm icr ite  (p i. 3 .23); d is to r t io n  in the shape of ostracod carapaces 
and of o o l i te s  in a d ire c t io n  p a ra l le l to bedding, especia lly  in the 
limestone horizons of the Butma and Shaqlawa areas (p i.  3.24); o r ie n t­
ation o f shell fragments in bioaccumulated rocks in a d irec t ion  para­
l l e l  to  the bedding, which indicates compaction during l im ited  current 
a c t iv i t y  (p i.  3 .25); and molluscan shells fractured during compaction 
(pi. 3.20).
b) Cementation
Cementation is  "generally considered to be the growth of new 
crysta ls in to  void space, whatever the o r ig in  o f the void space" (B la tt 
et al.  y 1 972, p .457). Krumbein & Sloss (1 963) and Greensmith (1971) 
note tha t cementation may take place soon a f te r  deposition or at any 
la te r  time.
Bathurst (1975, p .417) discussed some fa b r ic  c r i te r ia  that char­
acterised cement which v/ere o f help during the present study fo r  d is t ­
inguishing between sparry c a lc i te  cement and neomorphic spar. These 
fab r ic  c r i t e r ia  are very c lear and eas ily  recognised in th in  sections of 
limestones from the Upper Member, w h ils t in the Lower Member, they are 
not c lea r, due to  do lom it iza t ion  and re c ry s ta l l iz a t io n  of the limestone 
beds o f th is  member. Among Bathurst's c r i te r ia ,  the fo llow ing can be 
recognised: the spar is  i n t e r s t i t i a l  ( in te rp a r t ic le )  w ith well-sorted
and abraded p a r t ic le s  which are in depositional contact with each other 
(pi. 3.26); there are two generations of spar (pi 3.27); pa rt ic les  comp­
osed of m ic r i te  (e.g. peloids) are not a ltered to spar (p i. 3.28); 
mechanically deposited m ic r ite  is present but unaltered (p i. 3.29); con­
tact between spar and p a r t ic le s  are sharp (p is  3.17, 3.26); the margin 
of the sparry mosaic coincides with surfaces tha t were once free , such
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Plate 3.22 O o l i t ic  biomicrosparite with the outer layer of 
ooids ex fo lia ted  (spalled o f f )  during compaction 
(H63, Shaqlawa, x 100)
Plate 3.23 Dolomitic pelm icrosparite with in d is t in c t  
p e l le t  boundaries (Sl/74, Sheikh Ibrahim, 
cross polarised l ig h t ,  x 25.2)
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Plate 3.24 Dolomitised o o l i t i c  biomicrospar showing the 
d is to r t io n  of oo l i te s  in a d ire c t io n  pa ra l le l 
to bedding plane (Bl/123, Butma, cross po l­
arised l ig h t ,  X 25.2
Plate 3.25 Biosparite with the o r ien ta t ion  o f shell f ra g ­
ments in a d ire c t io n  pa ra l le l  to bedding plane 
which indicates compaction during l im ited  
current a c t iv i t y  (B2/20, Butma, x 25.2)
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Plate 3.26 Biosparite with ske leta l grains of foram in ifera , 
molluscs. Chambers more or less f i l l e d  with 
m ic r ite  (S2/67, Sheikh Ibrahim, x 25.2)
Plate 3.27 Two generations of c a lc i te  spar in  a molluscan 
gra in. The e a r l ie r  generation is  scalenohedral 
in hab it, the la te r  rhombohedral with larger 
c rys ta ls  (H60, Shaqlawa, x 25.2)
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Plate 3.28 B io-pe lsparite  with the peloids composed of 
m ic r ite  are not a ltered to spar (S2/67, 
Sheikh Ibrahim, x 25.2)
mm
f
mm
Plate 3.29 M ic r ite  containing c a lc i te  cement casts of 
•molluscan shell fragments (B2/38, cross 
polarised l ig h t ,  x 25.2)
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as the surface o f ske leta l pa r t ic le s  or o f ooids (p i.  3.26) or moulds 
of a ragon it ic  shell fragments (p i.  3.29); the spar lines a cav ity  which 
i t  f i l l s  incompletely (p i.  3.30); the sparry mosaic occupies the upper 
part o f a cav ity  whose lower part is  occupied by a more or less f l a t -  
topped in te rna l (geopetal) sediment (p i.  3.31); the mass of sparry 
mosaic has the form to be expected o f a pore f i l l i n g  (pis 3.32 - 33); 
the in te r -c ry s ta l l in e  boundaries in the mosaic are made up o f plane 
interfaces (p is 3.32 - 33); the size o f the c rys ta ls  increases away 
from the i n i t i a l  substrata o f the sparry mosaic (pis 3.32 - 33); the 
crysta ls  of the sparry mosaic have a preferred shape orien ta tion  with 
the longest axes normal or at a high angle to the substrata of the mos­
aic (p i.  3.30); the mosaics are characterised by a high percentage of 
enfacial junctions (pis 3.32 - 33) among the t r i p le  junctions; and 
fab rics  ch a ra c te r is t ic  o f neomorphic spar are absent (section 3.3.3c).
In the present study two types of sparry c a lc i te  cement were seen 
to be common: Granular cement, which is a transparent c ry s ta l l in e  c a l­
c i te ,  occupying the space between the framework elements o f the rocks, 
p a r t ia l ly  or completely f i l l i n g  the pore space (p i.  3.26); and Drusy 
cement which is s im ila r  in character to the granular cement, but i t  
p a r t ia l ly  or completely f i l l s  c a v it ie s ,  such as the bivalve shell i n t ­
e r io r  (p i.  3.33).
In a few limestones of the Lower Fars Formation, there are two 
generations of cement (p i .  3.27). The f i r s t  generation c rys ta ls ,  
besides being smaller, are commonly scalenohedral in  habit (dog tooth 
spar) and the scalenohedral faces are preserved under the la te r  over­
growth o f second generation rhombohedra. Although spec if ic  evidence of 
a time break is lacking, the sharp d is t in c t io n  in size and habit between 
the e a r l ie r  and la te r  c rys ta ls  is  strong presumptive evidence o f a sub­
s ta n t ia l  time in te rv a l ,  as suggested by Bathurst (1975, p .432).
The sparry c a lc i te  cement is  mainly large c rys ta ls . Large crys­
ta ls  of sparry mosaic are an ind ica t ion  of deep bu ria l environments 
(Folk, 1974). The sources fo r  the dissolved CaCO^  needed to f i l l  the 
porosity in carbonate sediments are fa r  from obvious. The p o s s ib i l i t ie s  
of supplying CaCOg include local d isso lu tion  of aragonite or in f lu x  of
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Plate 3.30 Two generations of c a lc i te  spar in a molluscan 
gra in . The sparry c a lc i te  o f the second gen­
eration incompletely f i l l s  the cav ity  (F2/55, 
Fathah, x 25.2)
Plate 3.31 Cavity in m ic r ite  (molluscs) f i l l e d  by geo­
petal c a lc i te  (m ic rite )  overla in by ca lc i te  
cement. Arrow points to top (H60, Shaqlawa, 
X 25.2)
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Plate 3.32 Ostracod f i l l e d  with c a lc i te  cement having 
plane in te rc ry s ta l l in e  boundaries and 
increase of c rys ta l size away from the sur­
face of the te s t  and enfacial junctions 
(52/58, Sheikh Ibrahim, x 25.2)
Plate 3.33 . Fossil f i l l e d  with c a lc i te  cement having plane 
in te rc ry s ta l l in e  boundaries and increase of 
c rys ta l size away from the surface of the tes t 
and enfacial junctions(S2/47, Sheikh Ibrahim,
X 25.2)
92
sea water, and pressure so lu t ion , but none of them are large enough to 
give the amount of cement tha t is in general known to be in limestone 
(Bathurst, 1975, p .442).
c) Neomorphism
"Neomorphism" was f i r s t  defined by Folk (1965) in his deta iled 
c la s s i f ic a t io n  o f the re c rys ta l l ize d  fabrics  of lime mud. The term 
there includes two i n  s i t u  processes: Inversion and true re c rys ta l­
l iz a t io n .  Bathurst (1975), however, redescribed the term to include: 
polymorphic transformation (Folk 's " in ve rs io n ") ,  re c ry s ta l l iz a t io n  and 
aggrading neomorphism.
Extensive neomorphism occurs in  the carbonate rocks of the Lower 
Fars Formation in a l l  the lo c a l i t ie s .  Two processes can be recognised: 
the polymorphic transformation (Folk 's  inversion) and aggrading neo­
morphism (the growth of neomorphic spar).
Inversion (polymorphic transformation) is the transformation from 
one polymorph of a mineral to another, gross chemical composition rem­
aining e sse n t ia l ly  constant (Folk, 1974, p .181). Folk (1959, 1965) 
suggested tha t dry, i n  s i t u  (so lid  s ta te invers ion) and wet, i n  s i t u ,  
transformation of aragonite to ca lc i te  could occur. Brown e t  a l .  (1962) 
have shown experimentally that so lid  state inversion can occur. Bathurst 
(1975) believed tha t since the diagenetic environment is  a wet one, then 
i t  is  u n l ik e ly  tha t dry inversion would occur. Although he cannot prove 
i t ,  he argued tha t a l l  inversion in  carbonate diagenesis would be a wet 
process. According to Bathurst (1964), two processes appear to be active. 
The f i r s t  one is the inversion of the aragonite la t t i c e  to c a lc i te ,  in ­
volving no change in void space, so tha t the o r ig in a l shell m icrostruc­
ture is  la rge ly  preserved (a t least as tex tu ra l ghosts). The second 
process is  so lu t ion  - deposition, whereby a new low-Mg sparry ca lc i te  
(drusy cement) is prec ip ita ted  in the mould of the o r ig ina l aragonitic  
skeletal m ateria l.
In the present study, the o r ig in a l a ragon it ic  molluscan shells 
(recognised in th in  section) are now composed la rge ly  or wholly of ca lc ite
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However, they have been found to re ta in  th e ir  o r ig ina l laminated micro­
structure to some extent, especia lly  those found w ith in  the Upper Member 
of the Lower Fars (p i.  3.34). In the case of intensive r e c r y s ta l l i s ­
ation or so lu t ion  - deposition, shells were found to have lo s t  th e ir  
o r ig ina l laminated microstructure (p i.  3.29).
The other extensive process of neomorphism occurs in the form of 
lo ca l ly  widespread aggrading neomorphism. I t  is  the process where the 
mosaic o f f in e ly  c ry s ta l l in e  carbonate is replaced by a coarser (sparry) 
mosaic (Folk, 1965). Bathurst (1958) proposed some fa b r ic  c r i te r ia  fo r  
recognition of neomorphic spar and in 1975 he repeated the same fa b r ic  
c r i te r ia  with certa in  additions. These c r i t e r ia  were of help during' the 
present study fo r  recognition of neomorphic spar. Among the c r i t e r ia ,  
the fo llow ing  can be recognised in th in  sections of the carbonate beds 
of the Lower Fars Formation (pis 3.35 - 3.39): crys ta l diameters more
than 4 y , a gradational junction  between unaltered m ic r ite  and spar 
c rys ta ls ; i r re g u la r  va r ia t io n  in spar crys ta ls  size from place to place, 
and lack of the more uniform vecto r ia l change of crysta l size tha t is 
usually found in cement spar; usually curved or wavy in te rc rys ta l l ine  
boundaries of the spar, which are ra re ly  plane as in cement spar; re l ic s  
of primary m ic r ite  frequently  found w ith in  the spar c rys ta ls ; c a l c i t i ­
zation of mollusc sh e lls ;  and f i n a l l y  the spar lacks c r i te r ia  normally 
a ttr ibu ted  to cement spar (c f.  Bathurst, 1975, p .484).
Sometimes a pe lspa r ite -s truc tu re  grumeleuse is  found where lime 
mud has been neomorphosed (p i. 3.39). These structures are, in many 
ways, analogous to those previously described by Cayeux (in Bathurst, 
1975, p .511) and Beales (1965) which are the subject of some controversy 
(Bathurst, 1975, p .512); the problem being whether, "they evolved by the 
growth of ca lc i te  crys ta ls  throughout the mass of an o r ig in a l ly  homo­
geneous m ic r i te ,  and the gradual d i f fe re n t ia t io n ,  thereby, of a more 
coarsely c ry s ta l l in e ,  continuous matrix separating d iscre te  residual 
dots o f m ic roc rys ta l l ine  (m ic r i t ic )  c a lc i te "  (Cayeux, 1935 in Bathurst, 
1975) or "the c lose ly packed grains appear to have merged on re c ry s ta l­
l iz a t io n  in to  a homogeneous microcrystal 1ine rock d if fe re n t ia te d  with 
d i f f i c u l t y  from c a l c i l u t i te" (Beales, 1965). Within the Lower Fars lime­
stones i t  is  s ig n i f ic a n t  tha t s im ila r  features also occur in  heavily
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Plate 3.34 Mol Tuscan shell fragments replaced by sparry 
c a lc i te .  The she lls  have lo s t  th e i r  o r ig ina l 
shell m icrostructure (S2/44, Sheikh Ibrahim,
X 25.2)
Plate 3.35 Relic of m ic r i te  embayed by neomorphic spar 
• Crystal diameters range upward from about 
4 . The contact between unaltered, micron
sized material and secondary spar is  gener­
a l ly  abrupt (F2/36, Fathah, cross polarised 
l ig h t ,  X 25.2)
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Plate 3.35 Relic of m ic r ite  embayed by several mosses of 
neomorphic spar. Microspar core shown by 
arrow. The contact between unaltered, micron­
sized material and secondary spar is  generally 
abrupt (Bl/117, Butma, x 25.2)
Plate 3.37 Relic of m ic r ite  embayed by neomorphic spar.
• The contact between unaltered, micron-sized 
and secondary spar is generally abrupt (Bl/122, 
Butma, X 25.2)
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Plate 3.38 Dolomitic m icrosparite with the spar commonly 
varies i r re g u la r ly  and pa tch ily  from place to 
place. Note the sca rc ity  of plane in te rc ry ­
s ta l l in e  boundaries (S l/72, Sheikh Ibrahim,
X 25.2)
Plate 3.39 Clotted s truc tu re  (structure  grumeleuse).
• Are the c lo ts  of m ic r ite  mechanically dep­
osited peloids in cement or m ic r ite  re l ic s  
in neomorphic spar (Sl/70, Sheikh Ibrahim, 
X 25.2)
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neomorphosed lime mud. The c la r i t y  of the peloid shape, in a l l  these 
cases, is  considered to re f le c t  th e ir  existence p r io r  to neomorphism 
of the enclosing lime mud and suggests, therefore, that they are rev­
ealed when the growth of neomorphic spar p re fe re n t ia l ly  attacks the 
lime mud of the m atr ix  and e f fe c t iv e ly  iso la tes them in a sea of spar.
d) Solution
Selective so lu t ion  has enhanced porosity in some of the studied 
rocks (especia lly  those composed of fo ss i l i fe ro u s  m ic r ite )  by dissolving 
mainly the molluscan she lls  leaving the moulds empty (pis. 3.13, 3.33).
This d iagenetic process is  very well recognised in the rock of 
a ll lo c a l i t ie s  with the exception of the Shaqlawa area where th is  pro­
cess is  not c lear ( i . e .  i t  is  present p r im a r i ly  in the carbonate rocks 
of the presumed basin-centre fa c ie s ) .
e) Pressure-Solution
The e f fe c t  o f so lu t ion  on the studied rocks is  highly conspicuous. 
The i n i t i a l  poros ity  of some rocks tha t mainly consist o f biosparite has 
been g rea t ly  reduced by so lu t ion  a t points o f grain contact (p i. 3.40).
The re s u lt  of the pressure-solution on the carbonate rocks of the 
Lower Pars Formation is  most c le a r ly  seen in o o l i t i c  rocks (p i.  3.41). 
This is  true because the s tructure of the ooids is h ighly symmetrical 
and i t  is  easy to judge in th in  section where the o r ig ina l margin of the 
ooid lay and how much has been lo s t  by pressure-solution. In plate 3.42 
the cement f r inge  was deposited on the ooids before pressure-solution 
began. As the load on the grains was increased the stress was applied 
not only to the ooids, but to th e i r  cement fr inges. Owing to the e x is t ­
ence of these fr inges  many ooids, though they approached one another 
during pressure-so lution, never met because the cement fr inge  had not 
been e n t i re ly  d issolved. Thus the ooids remain separated from each other 
in a s i tua t ion  wherein, at f i r s t  s igh t ,  one would expect them to be in 
contact along surfaces.
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Plate 3.40 Biosparite with the i n i t i a l  porosity reduced 
by so lu tion  at points of grain contact (S2/44, 
Sheikh Ibrahim, x 25.2)
Plate 3.41 O o l i t ic  b iomicrosparite shows a pressure 
so lu tion  contact between two ooids (H63, 
Shaqlawa, x 25.2)
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f ) In terna l Sedimentation
This is a special type of re d is t r ib u t io n ,  whereby the in te r io rs  
of some fo s s i ls  become i n f i l l e d  by sediments. Regarding the nature of 
the f i l l i n g  sediments two types are of in te res t:
i )  In ternal sediments consisting of a mosaic of equant ca lc i te  
crysta ls occupying the f lo o r  of a ca v ity ,  overla in by a spa ce-f i l l in g  
ca lc ite  cement, and the f i l l i n g  cav ity  enclosed by m ic r ite . Such arran­
gement represents typ ica l "geopetal fa b r ic " .  This feature was observed 
in many of the studied samples, especia lly  those consisting of bio­
sparite, occupying in te r io rs  of bivalves, gastropods and sometimes 
ostracods (pis 3.43, 3.31). The geopetal fa b r ic  is  important in permit- 
ing the determination of the up d ire c t io n  in th is  section.
i i )  In terna l i n f i l l i n g  with m ic r i te .  This was eas ily  recognis­
able during the present study mainly in  rocks consisting of b iosparite.
The in te r io rs  of most of the ex is t ing  gastropods and sometimes ostracods 
show in te rna l i n f i l l i n g  with carbonate mud (pis 3.26, 3.44).
This d iagenetic  process is  very well recognised in the Upper 
Member horizons in a l l  lo c a l i t ie s .
g) Dolom itization
According to Folk (1974, p .182), most dolomite is  of replacement 
o rig in  and replacement usually seems to have occurred while the limy 
sediments were so ft  or not deeply buried. I t  is  well known tha t aragon­
i te ,  high Mg c a lc i te ,  and even low Mg c a lc i te  can be replaced p a r t ia l ly  
or completely by dolomite. Folk (1974) stated tha t do lom itization  usually 
occurs in warm shallow, saline waters, and Degens (1965) believed that the 
speed of do lom it iza t ion  is  g rea t ly  increased in the hypersaline environ­
ment. Chil ingar (1956) suggested tha t Ca/Mg ra t io  plays an important role 
in the do lom it iza t ion  process, w h ils t  Murray & Lucia (1967) believed that 
compaction and cementation, to v/hich rocks were subjected a f te r  th e ir  dep­
os it ion , played an important ro le  in preventing do lom itiza tion .
In the present study, the dolomite percentage in the Lower Fars 
rocks ranges from more than 90% in the Lower Member of the basin-centre
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Plate 3.42 O o l i t ic  biomicrosparite with ooids fr inged with 
early  ca lc i te  cement, in  pressure-solution 
contact (top r ig h t  corner) (H63, Shaqlawa, x 
25.2)
Plate 3.43 Biomicrite with cav ity  (middle of p la te) f i l l e d  
• by geopetal c a lc i te  (m ic r ite )  overla in by 
c a lc i te  cement. Arrow points to top (52/47, 
Sheikh Ibrahim, x 25.2)
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faciès and decreases upward in the sequence ( i .e .  in  the Upper Member
of the basin-centre facies and the basin-margin fac ies) as shown by
X-ray d i f f r a c t io n  analyses (see 3 .3 .1 ). According to Degens (1965)
such a phenomenon can be explained by a low Mg c a lc i te  content in  the
orig inal c a lc i te  to allow do lom itiza tion . The dolomite crysta ls under
the microscope, are eas ily  distinguished by th e ir  subhedral-euh'edral•
rhombic shape from those of the anhedral ca lc i te  crysta ls (p i.  3.10).
Some of them, i f  the limestone is only p a r t ia l l y  dolomitized, are
d is t in c t ly  zoned. Others have clear rims and contain remnants of the
orig inal carbonate mud ins ide , most probably re f le c t in g  a replacement
or ig in . Folk & .Siedlecke (1974) a ttr ib u te d  such features to a change 
+2in Mg/Ca or Fe /Mg ra t io .  In the case of complete do lom itiza tion , the 
rocks are coarsely c ry s ta l l in e  and f u l l  of vugs.
The dolomites w ith in  the Lower Fars Formation, especia lly  those 
in the Upper part o f the Lower Member and in the Upper Member, are of 
diagenetic o r ig in .  From the more or less uniform and complete nature 
of do lom itization  indicated by coarse c ry s ta l l iz a t io n  and great develop­
ment of vugs, i t  seems probable tha t replacement took place soon a fte r  
the ir  deposition. Dolomites in  the lower part o f the Lower Member are 
f ine. They may have been d i re c t ly  p rec ip ita ted , as th e i r  diagenetic 
orig in  is not proved. However, i t  is  possible that those beds were 
dolomitized very ra p id ly  e ith e r  at the sea bottom or during the f i r s t  
few cm of buria l as suggested by Folk (1974) fo r  such a dolomite. A l- 
Aasm (1976) stated that the S-1 limestone of the sa life rous u n it  in the 
Lower Fars Formation at Kirkuk and Bai Hassan is dolomite and is of 
diagenetic o r ig in .
h) M ic r i t iz a t io n
Bathurst (1966) defined m ic r i t iz a t io n  of ske letal grains as bor­
ings by algae, the bore in them being f i l l e d  by m ic r i te .  He gave a 
good example of the formation of m ic r i t ic  envelopes from the Recent 
sediment of the Bimini lagoon.
M ic r i t iz a t io n  and the development of m ic r i t ic  envelopes are com­
mon features in both molluscan and m i l io l id  b iom icr ite  and b iosparite .
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Plate 3.44 Dolomitised b iosparite with the in te r io r  of 
most of the ex is t ing  allochems showing i n t ­
ernal f i l l i n g  with carbonate mud (Sl/67, 
Sheikh Ibrahim, x 25.2)
Plate 3.45 M ic r ite  envelopes in a b iosparite  are f i l l e d  
• with a ca lc i te  cement. This cement has rep­
laced via a cav ity  stage, the dissolved core 
of a ragon it ic  molluscan shell (S2/44, Sheikh 
Ibrahim, x 25.2)
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The mi c r i  t i c  envelope formed around these fo s s i ls  which were subsequently 
replaced by c a lc i te  spar (p i.  3.45). The fa b r ic  of the spar seems gen­
e ra lly  to be typ ica l of cement and, not in frequen tly , the envelope shows 
signs of frac tu re  and collapse. Both these data show that at one stage, 
during diagenesis, the ske letal core had been dissolved away leaving the 
m icrite  envelope empty of mineral materials and la te r  on f i l l e d  by a 
sparry ca lc i te  cement.
3.4 Sulphate l i th o fa c ie s
The sulphate rocks are the cha rac te r is t ic  and dominant l i tho lo gy  
of the basin-centre facies of the Lower Fars Formation in  Iraq and Iran.
The sulphate mineral most widely d is tr ib u te d  in the subsurface is  anhyd­
r i t e ,  which is  the stable form of calcium sulphate under nearly a l l  
conditions of deposition and subsurface preservation [fide Kerr & Thomson, 
1963; Murray, 1964). At the surface and at shallow depths (a few hundred 
feet from the surface), such anhydrite is converted to gypsum (Deer et  al.  ^
1962; Kerr & Thomson, 1963; Murray, 1964; Holliday, 1970; Mossop & Shearman, 
1973). As the present study deals with surface outcrops, i t  is not sur­
pris ing tha t the sulphate l i th o fa c ie s  is  characterised by gypsum, readily  
iden t i f ie d  by i t s  op tica l p roperties.
3.4.1 Gypsum (secondary a f te r  anhydrite)
3.4.1a Macrofacies
Gypsum horizons are very well developed in the basin-centre facies 
and th is  rock forms more than 50% of the to ta l Lower Fars Formation (see 
section 2.1-3; p i.  3-46). However, in the basin-margin fac ies, gypsum is 
almost t o ta l l y  absent or at best very poorly developed (section 2.4; p i.  
2.15). G i l l  & Ala (1972) recognised the same pattern of d is t r ib u t io n  
with respect to the basin-centre facies in the Iranian Lower FarsFormation 
(Gachsaran Formation).
The gypsum horizons are usually white in colour, occasionally grey­
ish white to greenish white, hard, jo in te d , fractured , c l i f f  forming, 
nodular and generally massive, occasionally bedded to wavy laminated. The 
thickness of an ind iv idua l horizon is f a i r l y  constant lo c a l ly ,  but may
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Æ Plate 3.46 Thick well developed 
gypsum horizon within 
the basin-centre 
facies of the Lower 
Fars Formation at 
Sheikh Ibrahim
4*
Plate 3.47 Bedded nodular gypsum w ith in  the Lower Member of 
the Lower Fars Formation at Sheikh Ibrahim
10^ ;
l ie  w ith in  the range 1 - 1 6  metres in the Lower Member and from 1 - 20 
metres in the Upper Member. Although the gypsum horizons as a whole 
are massive, sometimes the lower parts ( in  the Lower Member) or upper 
parts (in  the Upper Member) may appear to be more th in ly  bedded (p i.  
3.47). Also, in the Upper Member, wavy laminated gypsum does occasion­
a l ly  occur (p i.  3.48). Gypsum in the uppermost part o f the sequence 
becomes th in ly  bedded and in te rca la ted  with th in  bands of greyish green 
and/or brownish red mudrocks.
The gypsum of the Lower Fars is  characterised by i t s  almost ub i­
quitous nodular habit (pis 3.49 - 3.51). The e n tire  rock mass consists 
of nodules of various size (10 - 100 mm in diameter) which have coal­
esced to form e ith e r  banded or massive gypsum beds. Plates 3.52 and 
3.47 c lea r ly  demonstrate th is  nodular mode of occurrence. The nodules 
have i r re g u la r ,  c y l in d r ic a l ,  subcy lindrica l or spherical shape, are 
composed of pure gypsum (p i.  3.53) and do not contain inclusions of the 
surrounding sediments. In H o ll iday 's  nomenclature (1971), these nodules 
have a c h a ra c te r is t ic  mosaic s truc tu re  (= chicken wire s truc tu re ; p i. 
3.49, 3.50). In places, iso la ted sing le  nodules on c lusters of small 
gypsum nodules are present in the mudrocks or carbonate rocks (section 
3.2.1a; 3.3.1a; p i .  3 .1 ). The modules are so t ig h t l y  f i t t e d  together 
that only a th in  l in e  separates them (p i.  3.49).
Two gypsum horizons can be recognised as s tra t ig raph ie  markers 
within the Lower Fars sequence of northern Iraq. The f i r s t  marker is  a 
white, massive nodular gypsum of about 20 - 40 metres th ick w ith in the 
Lower Member. The second marker is  greenish white, nodular, massive in 
i t s  lower pa rt, with nodule size decreasing upward to wavy laminated in 
i ts  middle part to massive in i t s  upper part. This can be recognised 
within the Upper Member of the Lower Fars Formation (pis. 3.54; 3.55) 
with thickness of 15 metres at Fathah, 8 metres at Sheikh Ibrahim and 6 
metres at Butma.
3.4.1b Microfacies
The gypsum of the Lower Fars Formation can be divided in to  two 
main types: s e le n i t ic  secondary gypsum (in  sense of Ogniben, 1957)
also termed porphyroblastic secondary gypsum ( in  sense of Holliday,
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Plate 3.48 Wavy laminated gypsum horizon w ith in  the Upper 
Member of the Lower Fars Formation at Sheikh 
Ibrahim (used as a marker horizon by A1-Mubarak, 
1978)
T '  #  '
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Plate 3.49 Completely coalescing gypsum nodules forming 
wispy structures w ith in  the Lower Fars 
Formation at Sheikh Ibrahim
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Plate 3.50 Compacted gypsum nodules forming a mosaic 
("Chicken Wire") s tructure  with the Lower 
Fars Formation at Fathah
Plate 3.51 Carvings dating from Assyrian times (palace 
• at Nimrud, near Mosul) in gypsum, revealing 
mosaic "Chicken Wire" texture
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Plate 3.52 Thick massive nod­
u lar gypsum horizon 
w ithin the Lower 
Fars Formation at 
Sheikh Ibrahim
Plate 3.53 Ir reg u la r  subcy lindrica l on spherical shape of 
pure gypsum nodules at Butma
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Plate 3.54 The second gypsum marker; greenish white gypsum 
w ithin the Upper Member o f the Lower Fars 
Formation at Sheikh Ibrahim
Plate 3.55 Close view of the lower part of the second 
. gypsum marker; note the decreasing nodule 
size from top l e f t  (base) to bottom r ig h t  
(top of u n it )
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1970); and a labastr ine  secondary gypsum (in  sense of Ogniben, 1957; 
H olliday, 1970).
Porphyroblastic secondary gypsum replac ing anhydrite , v/hich is 
a common mode of occurrence in sulphate rocks throughout the world 
(e.g. Dunham, 1948; Ogniben, 1957; Ham, 1962; H o l l id ay , 1967, 1970), 
is  a common feature  in  the gypsum beds of the basin-centre fac ies of 
the Lower Fars Formation of Iraq (pis 3.54, 3.56). The most typ ica l 
fea ture  o f the gypsum porphyroblasts is  the presence of abundant an­
hyd r ite  inc lu s ions , as th in  shreds or lamellae w ith  sharp or corroded 
borders, mostly very small with 0.5 mm maximum length . Very often 
they are p a ra l le l  to the gypsum cleavage planes, or ranged along them 
(pis 3.57, 3 .58). There is  no p a ra l le l ism  o f ‘o p t ica l o r ie n ta t io n  
betv/een the two m inera ls, and in tergrowth appears to be con tro lled  
c h ie f ly  by the gypsum cleavages. Some porphyroblasts are euhedral, 
other anhedral; some are th in  and n e ed le - l ike , while others are f a t  
and squat; some occur s in g ly ,  others gregariously in  aggregates which 
may form rose ttes . The size of ind iv idu a l c rys ta ls  is  also va r ia b le ,  
reaching several centimetres in  length. They show a "superind iv idua l 
p o la r isa t io n "  (Term used by Ogniben, 1957, fo r  the tex tu re  o f gypsum 
rocks, where the rock appears under crossed polars to be composed o f 
f a i r l y  d e f in i te  areas each composed o f a number of i l l  defined grains 
and on ro ta t io n  o f the stage, each area is  found to  have no consistent 
well defined boundary. The areas were termed "super ind iv idua ls "  and 
the tex tu re  ca lled "superind iv idua l p o la r iz a t io n " ) .  This superind iv­
idual p o la r iza t io n  can be o f a "cloudy" or f ib ro u s  type (p i.  3.57) 
or of a f ib rous  one by rup tu r ing  p a ra l le l  to  a cleavage (p i.  3.58). 
Superindividual zones gradua lly  pass outwards in to  in te rg ra n u la r  f in e -  
size aggregates, w ith  a c lear rup tu ra l p ic tu re  as v is ib le  in  p i .  3.58.
The te x tu ra l evidence fo r  the replacement o r ig in  o f the porphyro­
b las ts , as ind ica ted above, is  c lea r. Porphyroblastic  secondary gypsum 
in the main is  not a major rock former, more often occurring as scat­
tered s ing le  c rys ta ls  or c rys ta l groups. They are frequen t ly  found 
together with the other type, the a labastr ine  secondary gypsum (p i.  3.59).
A labastr ine  secondary gypsum is  a name given to  non-porphyroblastic
Ill
Plate 3.56 Porphyroblastic secondary gypsum (s e le n i t ic )  
rep lac ing anhydrite w ith in  the Upper Member 
of the Lower Fars Formation at Sheikh Ibrahim; 
(S12, cross polarised l i g h t ,  x 25.2)
Plate 3.57 Porphyroblastic secondary gypsum showing anhydrite 
lamellae (high r e l i e f )  arranged in gypsum cleavage; 
(52/40, Sheikh Ibrahim, cross polarised l ig h t ,
X 25.2)
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Plate 3.58 Porphyroblastic secondary gypsum showing 
anhydrite lamellae (high r e l i e f )  arranged 
in  gypsum cleavage; (51/63, Sheikh Ibrahim, 
cross polarised l i g h t ,  x 25.2)
Plate 3.59 P a r t ia l l y  re c ry s ta l l is e d  gypsum porphyroblast 
(middle o f photograph) w ith  r e l i c t  anhydrite 
surrounded by re c ry s ta l l iz e d  a labastr ine  sec­
ondary gypsum; (51/68, Sheikh Ibrahim, cross 
po larised l i g h t ,  x 25.2)
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secondary gypsum, a term used f i r s t  by Ogniben (1957). The bulk of the 
world 's secondary gypsum rocks are of th is  type (H o ll iday , 1970). "The 
a labastr ine  secondary gypsum embraces a wide v a r ie ty  o f re la ted textures 
which form a natural grouping. The type of a labastr ine  secondary gypsum 
tha t forms from anhydrite varies from place to place. Though th is  va r­
ia t io n  may be in  pa rt the re s u l t  o f r e c r y s ta l l iz a t io n ,  in  the main i t  is  
due to d i f fe r e n t  i n i t i a l  hydration tex tu re " (H o ll iday , 1970). Two main 
types of hydration textures are recognised w ith in  the a labastr ine  sec­
ondary gypsum o f the Lower Fars Formation: normal a labastr ine  or type 2
hydration textures (g ranob lastic  gypsum) and f ib rous  a labastr ine  secon­
dary gypsum or type 1 hydration textures [sensu Ogniben, 1957, and 
Holl iday, 1970, re sp e c t ive ly ) .
The normal a labastr ine  secondary gypsum shows a maximum develop­
ment o f superind iv idua l p o la r isa t io n  zones of the cloudy type and with 
no d e f in i te  boundaries between the super ind iv idua ls , which can be con­
sidered as having lengths o f several m i l l im e tre s .  They are roughly e lon­
gated perpendicular to the bedding. Anhydrite inc lus ions occur in  the 
superind iv idual zones and are missing in  the in te r -g ra n u la r  f in e -s iz e  
aggregates w ith  average size o f 0.02 mm (p i .  3 .60). They are i r re g u la r  
and randomly o riented: Ogniben (1957), Ham (1962), and Holl iday (1967,
1970) stated tha t as the various hydration textures become free of 
anhydrite r e l i c s ,  they begin to re c r y s ta l l iz e .  The f i r s t  product is  
often anhedral equidimensional g ranob las t ic  gypsum w ith  uniform e x t in ­
c tion  and usua lly  w ith  s t ra ig h t  edges (p i .  3.61). Further progressive 
re c ry s ta l l iz a t io n  leads to a coarser and more va riab le  grain size (p i .  
3.62), w ith an increasing number of grains becoming subhedral or euhedral. 
This type o f a labastr ine  secondary gypsum characterises most o f the gypsum 
of the Upper Member o f the Lower.Fars o f the basin-centre fac ies and is  
also common in the Lower Member o f the same fac ies .
The f ib ro us  (type 1 hydration tex tures) a labastr ine  secondary 
gypsum is  mainly c h a ra c te r is t ic  o f the gypsum of the Lower Member of the 
Lower Fars of the basin-centre fac ies . The gypsum c rys ta ls  show a frame­
work of anastomosing v e in - l ik e  gypsum patches subperpendicular to the 
bedding, surrounded by a homogeneous gypsum aggregate of 0.01 - 0.05 mm 
grain size (p i.  3 .63). The v e in - l ik e  patches show superind iv idual
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Plate 3.60
Plate 3.61
Alabastrine secondary gypsum (normal type) 
showing anhydrite inc lus ions  in  gypsum 
superind iv idua l; (F2/42, Fathah area, cross 
po larised l ig h t ,  x 25.2)
topAlabastrine secondary gypsum showing, on 
side of photograph, r e c r y s ta l l iz a t io n  to  
g ranob lastic  gypsum; (S l/20 , Sheikh Ibrahim 
area, cross po larised l i g h t ,  x 25.2)
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Plate 3.62 Coarse subhedral h igh ly  re c ry s ta l l is e d  
a labastr ine  gypsum; (B2/55, Butma area 
cross polarised l i g h t ,  x 25.2)
Plate 3.63 A labastrine secondary gypsum (fib rous type) 
V e in - l ik e  patches surrounded by f ine -s ize d  
aggregate; (B2/55, Butma area, cross p o la r ­
ised l i g h t ,  X 25.2)
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p o la r isa t ion  and nearly the same op t ica l o r ie n ta t io n  fo r  several neigh­
bouring veins, over widths of one centimetre and more (p i.  3.64). Very 
small (0.005 - 0 .05), randomly oriented and i r re g u la r  residual anhydrite 
inc lus ions are found in  the v e in - l ik e  superind iv iduals only (p i.  3.65). 
Goldman (1 952), Ogniben (1957) and H olliday (1967, 1970) believed tha t 
gypsum o f th is  type forms d i r e c t ly  from anhydrite , not because o f  the 
abundance o f corroded anhydrite r e l ic s  found in such gypsum, but because 
i t  is  frequen tly  seen ve in ing and penetrating anhydrite along cleavages 
and grain boundaries.
Both normal and f ib rous  a labastr ine  secondary gypsum contain i n ­
clusions o f small carbonate gra ins (p i.  3.66). Two of the gypsum samples 
were found to  contain c rys ta ls  o f chalcedony (p i .  3.67) and another to 
contain calcium phosphate (cellophane) (p i.  3.68).
3.4.2 Displacive gypsum vein (sa t in -spa r veins)
This type of gypsum, which is  re fe rred  to both as displacive gypsum 
and sa tin -spar by H o ll iday  (1970), occurs commonly in  many areas of 
gypsum or anhydrite rocks along f ra c tu re s ,  and bedding planes and in 
ca v it ie s  o f the gypsum and carbonate beds (Bundy, 1956; Forbes, 1958; 
West, 1965; H o ll iday , 1970). The sa t in -spa r veins occur commonly in  the 
Upper Member and less frequen tly  in  the Lower Member o f the Lower Fars 
Formation (pis 3.69, 3.70). The veins are composed o f f ib rous gypsum of 
s i lk y  lu s t re  w ith size of in d iv id u a l c rys ta ls  varying from several m i l ­
l im etres to a few centimetres in width and up to  0.3 metres in  length 
(p i.  3 .71). Usually c rys ta l shape and o r ie n ta t io n  is  influenced by the 
shape of the ve ins, w ith  the long axes o f the gypsum f ib re s  normal to the 
edge of the vein (p i.  3 .72).
Holl iday (1970) mentioned th a t  the sulphate in  such veins may have 
been derived from the excess sulphate ca rr ie d  o f f  in  so lu t ion  during v o l ­
ume fo r  volume g y p s if ic a t io n  and not have been formed d i r e c t ly  from an­
hyd r ite . Bundy (1956) and West (1965) have suggested tha t the source of 
the gypsum is  to be found in  calcium sulphate dissolved during g y p s i f i - 
ca tion . However, the sa tin -spa r veins in the Lower Fars have most prob­
ably formed in the same way and p rec ip i ta te d  a f te r  the water evaporates 
espec ia lly  during the summertime when the temperature reaches over 50 C.
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Plate 3.64 A labastrine secondary gypsum (fib rous type).
V e in - l ik e  patches belong to one super­
in d iv id u a l ;  (B2/55, Butma area, cross p o la r ­
ised l ig h t ,  X 25.2)
I
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Plate 3.65 A labastrine secondary gypsum (f ib rous  type) 
with anhydrite inc lus ions in  gypsum super­
in d iv id u a l ;  (51/38, Sheikh Ibrahim area, 
cross polarised l ig h t ,  x 25.2)
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Plate 3.66 A labastrine secondary gypsum showing inc lus ions  
of small carbonate gra ins; (B2/11, Butma area, 
cross po larised l i g h t ,  x 25.2)
Plate 3.67 A labastrine secondary gypsum showing inc lus ion  
of Chalcedony c ry s ta ls ;  (B l/70, Butma area, 
cross polarised l i g h t ,  x 25.2)
U 9
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Plate 3.68 A labastrine secondary gypsum showing inc lus ion  
of calcium phosphate (cellophane); (B l/19, 
Butma area, cross polarised l i g h t ,  x 25.2)
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Plate 3.69 Satin-spar vein in  a gypsum bed w ith in  the 
Lower Pars Formation a t Fathah. The long 
axes o f the f ib re s  o f gypsum normal to  the 
edge of the vein
■ y
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Plate 3.70 Satin-spar vein in  
a carbonate bed 
w ith in  the Lower 
Pars Formation at 
Fathah
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P late 3.71 Displacive f ib rous  gypsum vein (sa tin -spa r vein) 
o f s i lk y  lu s t re ;  (B /3 3 , Butma area, cross 
po larised l i g h t ,  x 25.2)
Plate 3.72 Displacive f ib rous  gypsum with the long axes of 
the f ib re s  normal to the edge of the ve in ; 
(S2/1, Sheikh Ibrahim area, cross polarised 
l i g h t ,  X 25.2)
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Field evidence shows quite conclusively that the veins are displacive, 
cross cutt ing  the sedimentary bedding planes, and so formed a fte r  the 
consolidation of the host rocks.
3.4.3 Selenite
This type of gypsum occurs as veins, rose ttes , or scattered small 
c rys ta ls  in the mudrocks and especia lly  in the brownish red mudstone of 
the Upper Member of the Lower Pars (p i. 3.73). The size o f ind iv idua l 
c rys ta ls  varies from microscopic up to 100 mm in width and up to 0.3 
metres in length. They are usually  p a ra l le l  to  the bedding planes.
Ibrahim (1 978, unpub.) examined a sample -ef the scattered crys ta ls  found 
w ith in  the brownish red mudstone ("brown loess" in  the terminology of 
Ibrahim, 1978) by X-ray d i f f r a c t io n  and id e n t i f ie d  the mineral se len ite .
In the present study, the vein c rys ta ls  were also observed to have the 
c rys ta l habit ch a ra c te r is t ic  of se len ite .
3.5 Sandstone l i th o fa c ie s
3.5.1 Macrofacies
This macrofacies can be eas ily  recognised in the basin-margin facies 
and in the uppermost part o f the Upper Member of the basin-centre facies 
of the Lov^r Pars (p i.  2.13). These sandstone beds have a colour range 
of greenish grey to reddish brown, and are f in e  to medium grained, th in ly  
bedded and occasionally calcareous. Thickness of the ind iv idua l sand­
stone beds increases v e r t ic a l ly  in the sequence as well as la te ra l ly  
towards the basin-margin fac ies. Thickness of ind iv idua l sandstone beds 
l ie s  w ith in  the range 0.15 - 0.3 metres in the basin-centre fac ies (0.2 -
4.0 metres in the basin-margin fa c ie s ) .  These sandstone beds are usually 
interbedded with brownish red mudstone (p i. 3.74) with a gradational 
contact between them.
3.5.2 Microfacies
P e trog raph ica lly , th is  sandstone can be c la s s i f ie d  as a l i t h i c  
a ren ite  sandstone in the sense of Pett i John's c la s s i f ic a t io n  (1957, 1975). 
The rock contains up to 30 - 40% of quartz gra ins, mostly s ing le  grains 
with perfect e x t in c t ion  but with some p o ly c ry s ta l l in e  grains in addition
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Plate 3.73 Long se len ite  c ry s ta ls  occur along a vein 
w ith in  the brownish red mudstone of the 
Upper Member of the Lower Pars Formation 
at Shaqlava
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(p l.  3 .75). The size of the quartz grains ranges from 0.05 mm -  0.2 mm. 
Also, s i l t y  and f in e  grained chert is  found, but ra re ly .  The la b i le  
m ate r ia ls , inc lud ing  both fe ldspar and rock fragments, are about 45% of 
the rock. The fe ldspar is  about 1 -  5% and the rock fragments, mainly 
carbonate, are about 10 - 40%. The carbonate fragments are mostly sub­
rounded to  subangular in  shape, and of f in e  sandy s p a r i t ic  c a lc i te .
The c a lc i te  cement is  about 20 - 40% and the i n t e r s t i t i a l  c lay is  about 
5%. These sandstones can be considered as immature sandstones (sense of 
Tucker, 1983) due to  th e i r  high content of rock fragments and fe ldspar. 
Because of th e i r  im maturity , they were presumably not transported fo r  a 
long distance but were deposited close to  the source area.
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Plate 3.74 Sandstone beds interbedded with the brownish 
red mudstone w ith in  the basin-margin fac ies  
of the Lower Pars a t Shaqlawa
Plate 3.75 * L i t h ic  a ren ite  sandstone (sample H55) showing 
the quartz g ra in , fe ldspar and rock fragment 
w ith in  the Lower Pars Formation at Shaqlawa 
(Cross po larised l ig h t ,  x 25.2)
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C H A P T E R  4 
PALAEONTOLOGY
4.1 In troduc tion
Id e n t i f ia b le  fo s s i ls  from the Lower Ears Formation comprise mol­
luscs, fo ram in ife ra  and ostracods. U n id e n t if ia b le  fragments o f echinoids 
and bryozoans are present at some horizons ( f i g .  4.1 - 4 .4 ) .  Preserva­
t ion  is  genera lly  poor, re f le c t in g  weathering and neomorphic diagensis o f 
the rocks. Because o f the poor p reservation, r e l ia b le  id e n t i f i c a t io n  is  - 
often possible only to generic ra th e r than species le v e l .  Molluscs and 
fo ram in ife ra  are espec ia lly  badly preserved.
The faunal d iv e rs i ty  is  low, although ind iv idua l specimen abund­
ance at p a r t ic u la r  horizons may be very high (e .g . p la te  4 .1 , 4 .2 ).
These monotypic or low d iv e rs i ty  she ll beds are in  general associated 
with environments whose s a l in i t y  d i f fe r s  from th a t  o f  normal marine water 
(35 - 36%o)(Hudson, 1963). Association of the faunas w ith  evaporites is  
c lear evidence of f lu c tu a t in g  s a l in i t y  in  these p a r t ic u la r  deposits. The 
low d iv e rs i ty  is  there fore  a re f le c t io n  of the o r ig in a l  sedimentary en­
vironment ra ther than ju s t  poor preservation.
Although previous workers have c ite d  id e n t i f ic a t io n s  fo r  molluscs, 
fo ram in ife ra , and ostracods from the Lower Fars Formation, no published 
and (except f o r  ostracods) no unpublished i l l u s t r a t io n s  or descrip tions 
e x is t  fo r  m ateria l from Iraq . The only d e sc r ip t ive  palaeontology comp­
r ises accounts from Iran and Pakistan, a l l  pre 1940 in  date. Diagnoses, 
i l l u s t r a t io n s ,  and comments are there fore  provided here fo r  key taxa from 
the Iraq Lower Fars, to f a c i l i t a t e  recogn it ion  and comparison w ith  other 
co un tr ies .
4.2 Bivalves
4.2.1 General
Very few bivalves have been id e n t i f ie d  from the Lower Fars Formation
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Fig.4.2: D is tr ib u tio n  chart of the fauna 
at Sheikh Ibrahim
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Plate 4.1 F o ss i l i fe ro u s  marly limestone (bed no. 27) w ith in  
the Lower Member o f Lower Fars Formation a t Butma 
area; showing leached b iva lves (Veneridae)
Plate 4.2 F o ss i l i fe ro u s  limestone (bed no. 129) w ith in  the
Upper Member of Lower Fars Formation a t Butma area; 
showing abundant monotypic assemblage o f leached 
bivalves (C lausinella  persica )
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of Iraq. Van Bell en e t a l, (1959) record only Ostvea latim arginata, 
C lausinella  ? amidei and C lausinella  spp.. Buday (1980) to ta lly  accepts 
these records. Other published identifications are those of Al-Naqib 
(1959), who records d em en tia  papyraoea, Lucina sp., Ostrea latim arginata, 
Ostvea d ig ita ta^  Pecten sp., Chlamys m ulti s tr ia ta ,  Chlamys varia. Area 
theobaldi, C lausinella  sp., Amiantis sp., and Cardium sp. from the Lower 
Fars area south of Kirkuk.
Unpublished identifications include Macoma sp., C lausinella  sp., 
and Area sp. recognised by Ctyroky & Karim (1969) from Lower Fars lime­
stones of the Fathah area. The same authors, in 1970, recognised 
C lausinella  sp. from limestones of the Mishraq area. Cardium sp., 
C lausinella  sp., Anadara sp., Peleeyona sp., Peeten sp., Selenomya sp., 
Macoma sp., and oysters were recorded by Ahmad (1980) from the Sheikh 
Ibrahim, Baashiqa, Quolat, and Abu Saif areas, north of Iraq; and 
C lausinella  sp., and Pinna sp. recorded by Sissakian (1980) from the Erbil 
Shaqlawa-Koisanjaq-Raider areas.
None of these identifications comprise more than a c itation in a 
faunal l i s t .  Precise identifications are few and date to 1959.
4.2.2 Descriptive Palaeontology
Class BIVALVIA 
Subclass PTERIOMORPHIA 
Order PTERIOIDA 
Suborder OSTREINA 
Superfamily OSTREACEA 
Family OSTREIDAE 
Genus OSTREA Linnet 1758 
Ostrea latim arginata  Vredenburg
Plate 4.5, figs 1 - 4
1840 Ostrea fla b e llu lu m  J. de C. Sowerby, Trans. Geol. Soc. (2 ) ,
V, p i . X X V ,  f ig .  18 [non L a m a 1806)
1908 Ostrea latim arginata ^redenburg  ^ Rec. Geol. Surv. Ind.,
XXXVI, part 4, p .317
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1909 O strea  la t im a rg in a ta  Vredenburg; Vredenburg & Stuart, Rec.
Geol. Surv. Ind., XXXVIII, part 2, p .127
1927 O strea  la t im a rg in a ta  Vredenburg; Douglas, Contribution to
Persian Pa l. ,  I ,  p .3 ( p a r t im ) ;  p l . l , f i g . l , 2
1928 O strea  la t im a rg in a ta  Vredenburg; Vredenburg, Mem. Geol. Surv.
Ind., L, p .423; pl.XXIV, f ig .  2, Pl.XXIVa, 
f ig . l
1936 O strea  la t im a rg in a ta  Vredenburg; Cox, Mem. Geol. Surv. Ind.,
XX II, part 2, p .69
Type specimen - Figured Syntype, L98338, Unfigured Syntype, L98339, in 
Department of Palaeontology (British Museum of Natural 
History) from Cheeosir, Cutch, Upper Gaj Beds Formation 
(Burdigalian) of India.
Material -
Diagnosis -
Remarks -
Five broken and two complete specimens, represented partly  
by their impressions and preserved in marly limestone 
(S2/28). One now donated to British Museum of Natural 
History (LL27971)*» six to the Geological Survey of Iraq, 
Baghdad; a l l  from Sheikh Ibrahim area, north Iraq.
A species of O strea  characterised by a ribbed lower ( le f t )  
valve and a smooth upper (r igh t)  valve without radial r ibs ,  
with exceptionally wide, flattened border surrounding the 
re la t iv e ly  small visceral cavity in the lower valve. The 
ribs on the lower valve are narrow, sinuous and branching. 
They are weak and have a d istinct tendency to fade away.
O strea  la t im a rg in a ta  Vredenburg is a nom. nov. for 0. 
f la b e l lu lu m  Sowerby non Lamarck. A fu l l  description of this 
widespread species is given by Douglas (1927), and Cox 
(1936), on the basis of Iranian material. The Iraqi speci­
mens agree fu l ly  with this description.
As Cox (1936) notes, O strea  su ba n gu la ta  is s imilar to 0, 
la t im a rg in a ta ,  but in the la t te r  the ribs are narrower, 
more sinuous, and branching and weaker than those of 0, 
su ba n gu la ta . The overall diagnostic features cited above 
are characteristic of 0. la t im a rg in a ta .
13^
In the many lo ca lit ies  outside Iraq yielding this species, 
i ts  age is almost invariably given as Burdigalian. Since 
van Bellen e t  a t .  (1959) and Buday (1980) agree that the 
species is "an index fossil of the Lower Fars Formation" 
in Iraq, i t  therefore seems a clear indication of a 
Burdigalian age for the Iraq strata .
All records in other countries are associated with marl- 
carbonate facies and consistently normal marine assoc­
iations.
Distribution - Upper Gaj Beds (Burdigalian) of India (Sowerby in Grant, 
1840; Vredenburg, 1908, 1928); Lower Fars Formation 
(Burdigalian) and Akauktaung Series (Vindobonian) of 
Burma (Douglas, 1927); also Arabia and Portugese East 
Africa (Cox, 1936).
The unit termed Lower Fars Formation (Miocene) of Iran by 
Cox (1936) is now termed the Gachsaran Formation and 
dated as Burdigalian {fide  James & Wynd, 1965).
Ostvea subangulata d'Orbigny
Plate 4.5, figs 5,6 
Plate 4 .6 , figs 1-3
1840 Ostrea angulata  J. de C. Sowerby, Trans. Geol. Soc. (2 ) ,
V, [non Lamark)
1852 Ostrea subangulata d'Orbigny, Prodrome de'Paleontologie,
vol. 3, p .133, species No. 2520.
1854 Ostrea m u ltico sta ta  var. Deshayes; d'Archiac & Haime,
Animaux fossiles du groupe nummulitique de 
• l ' In d e , vol. 2, p .273; p l . 24, figs 14, 14a
1928 Ostrea angulata  J. de C. Sowerby; Vredenburg, E.W. , Mem.
Geol. Surv. India, vol. 50, p .422, p l . 24, 
f ig .  3, pl.24b, figs 2,3
Type specimen - presumed lost; specimen figured d'Archiac & Haime, 1854,'
L98512 in the Department of Palaeontology (British Museum 
of Natural History); from the Gaj Beds (Lower Miocene) of 
Sind.
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Material - Numerous separated valves, preserved in a marly limestone
and limestone (52/28,30 and H20) from Sheikh Ibrahim and 
Shaqlawa areas. Two specimens (LL27974;27975) now don­
ated to the British Museum of Natural History; f ive  to 
the Geological Survey of Iraq, Baghdad.
Diagnosis - A species of Ostrea closely similar to 0. latim arginata
(with a ribbed lower valve and a smooth upper valve, plus 
an exceptionally wide, flattened border surrounding the 
re la t ive ly  small visceral cavity in the lov/er valve).
The ribs are, however, broader, straighter, and less 
branched,*- and s lightly  stronger.
Remarks - As Cox (1936) notes, 0. subangulata is similar to 0.
latim arginata  but the f i r s t  has broader, straighter, less 
branched and s lig h tly  stronger ribs than those of 0. 
latim arginata.
Outside Iraq, the species is consistently found in rocks 
ascribed to the Burdigalian. I t  has not previously been 
recorded in the Lower Fars Formation of Iraq. In Pakistan, 
as in Iraq, i t  is associated with marl-carbonate facies 
and normal marine faunal associations.
In Iraq, specimens here ascribed to 0. subangulata occur 
at the same horizon and lo ca lity  as 0. latim arginata, so 
i t  is possible that they represent only the juveniles of 
one, variable species {0. la tim arg ina ta). However, i t  
seems advisable to distinguish differences in morphology 
by differences in taxonomic name in the absence of in te r ­
mediates between, the two groups.
Distribution - Lower Miocene Gaj Beds of Cutch (Sowerby in Grant, 1840);
Gaj Beds of Sind (d'Archiac& Haime, 1854); Nari Beds 
(Oligocene) of Cutch and Sind, Gaj Beds of Cutch and Sind 
(Vredenburg, 1928).
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Subclass HETERODONTA 
Order VENEROIDA 
Superfamily VENERACEA 
Family VENERIDAE 
Genus CLmENTIA Gray, 1847 
d e m e n t ia  papyracea  Gray
Plate 4.6, figs 4 - 6
1825 Venus? papyracea  Gray, Ann. Philosphy, XXV, p .137
1840 Venus n o n -s c r ip ta  J . de C. Sowerby, Trans. Geol. Soc. (2 ) ,
V, pi.XXV, f ig .  8
1927 d e m e n t ia  papyracea  (Gray); Cox, Report on the palaeontology
of the Zanzibar Protectorate, p .54; p i . IV ,  
f ig .  3,4
1928 d e m e n t ia  papyracea  (Gray); Douglas, Contribution to Persian
Palaeontology, I I I ,  p .10; p i .X I I I ,  f ig .  10 
1928 Venus (d e m e n t ia )  papyracea  (Gray); Vredenburg, Mem. Geol.
Surv. India, No.50, p .455 {Cum syn.), p i . 32, 
f ig .  3
1930 d e m e n t ia  papyracea  (Gray); Cox, Mem. Geol. Dept. Hunterian
Museum, Glasgow Univ., IV, pp.130, 158; 
pi .XV, f ig .  4
1932 d e m e n t ia  papyracea  (Gray), Prashad, Siboha-Exped. Monogr.,
L i n e ,  p .262
1936 d e m e n t ia  papyracea  (Gray), Cox, Mem. Geol. Surv. Ind., XXII,
part 2, p .69
Type specimen - Not known, although most of Gray's collection is in the
Zoology Department (British Museum of Natural History);
from the Lower Fars Formation (Burdigalian) of Iran.
Material -  Numerous specimens, two now donated to British Museum
(Natural History) (LL2>976i 27977 ); three to the Geol­
ogical Survey of Iraq, Baghdad; a l l  from the Shaqlawa 
area, northeast Iraq.
Diagnosis - A species of d e m e n t ia  characterised as ovate, very in ­
equila tera l, in fla ted , ornamented with commarginal coarse
137
corrugations (seen on internal casts because true species 
is very thin-shelled); ligament short, external, sunk; 
no lunule or escutcheon; p a ll ia i  sinus long, wide, ascen­
dant, tapering to an asymmetric apex.
Remarks - A fu l l  description of this widespread species is given
by Cox (1936) on the basis of Iranian material and fe a t­
ures are summarised by Eames (1971).
The Iraqi specimens agree fu l ly  with these descriptions.
Specimens are a l l  preserved as leached casts with the 
valves s t i l l  t ig h tly  closed (plate 4 .3 ).
In a l l  the lo ca lit ie s  outside Iraq yielding the species, 
i ts  age ranges from Eocene to Recent.
A ll records in other countries are associated with marl-
carbonate facies and consistently normal marine faunal 
associations.
Distribution -  Miocene to Recent, widespread in Indo-Pacific province 
including Gaj Beds of Cutch and Sind, Mekran Series of 
Mekran Coast (Vredenburg, 1928); close to Latidum; Puhal,
2 miles west of v illage  (both west of Bander Abbas) 
(Burdigalian) of Iran (Cox, 1936); Middle Fars Formation 
(Vindobonian) of Iran (Cox, 1936).
Genus CLAVSINELLA Gray, 1851 
C lausinella  persica  Cox
Plate 4.4
1936 C lausinella  persica  Cox, Mem. Geol. Surv. Ind., XX II, No.2;
p i .V I I ,  f ig .  12,13
Type specimen - ( ) in Department of Palaeontology (British Museum of
Natural H istory), from the Lower Fars Formation (Upper 
Burdigalian) of south western Iran.
Material - Limestone blocks (F l/33, Sl/76-79, S2/30, B l/36 ,51,113-115,
138
Plate 4.3 The bivalve dem en tia  papyracea (Gray) is pre­
served as leached casts, with the valves s t i l l  
t ig h tly  closed, from the mudstone within the 
carbonate-clastic facies of the Lower Fars at 
Shaqlawa area
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Fossiliferous limestone (bed no. 105) within the 
Upper Member of the Lower Fars Formation at Butma 
area. Fossils are mainly C lausinella  persica  
crowded in limestone blocks and poorly preserved
Plate 4.4
l4o
119-123, 82/8,32,49 and H20) crowded with individuals.
One specimen(LL27970) now donated to British Museum 
(Natural History); 19 specimens to the Geological Survey 
of Iraq; a ll  specimens are from Fathah, Sheikh Ibrahim, 
Butma, and Shaqlawa areas, north Iraq.
Diagnosis - Shell small, tr igonally  ovate, moderately in fla ted ,  
s lig h tly  longer than high. Umbonal region prominent, 
well in fla ted ; umbones prosogyrous, s lig h tly  anterior to 
median. Postero-dorsal profile  strongly convex, sloping 
to meet the strongly convex ventral margin in a rounded- 
off angle; antero-dorsal p ro file  only s ligh tly  excavated; 
anterior margin evenly convex. A long, narrow, smooth 
escutcheon is limited by a well-defined ridge. Excava­
tion of lunule (apparently) s light; surface of shell 
usually with pronounced concentric folds, but occasion­
a lly  smooth; no trace of radial sculpture.
Remarks - A fu l l  description of this species is given by Cox (1936)
on the basis of Iranian material. The Iraqi specimens 
agree fu l ly  with this description. Cox (1936) notes that 
i t  is impossible to determine how close the relationship  
is between C lausinella  persica  and the similar C lausinella  
amidei Meneghini because of the state of preservation 
(plate 4 .4 ) .  However, he comments that the original f i g ­
ures of C lausinella  amidei indicate a shell with radial 
ornamentation while C lausinella  persica  appears to be dev­
oid of radial ornamentation. Records of C. amidei from 
Iraq by van Bellen e t a l .  (1959) and Buday (1980) may there­
fore possibly be of C. persica .
Distribution - Previously known only from the Lower Fars Formation (Upper 
Burdigalian) of Iran (Cox, 1936).
4.2.3 Other Bivalves
In addition to the species described above, f ive  other bivalves are 
locally s ign ificant.
l4l
Veneridae - (plate 4.7, figs 1-4). Specimens are common in marly
limestone (Bl/34,36 and 51) of the Butma area (north 
Iraq), preserved as leached casts with the valves s t i l l  
t ig h tly  closed. These are equivalve; lunule and escut­
cheon usually well marked; cardinal teeth typically  
corbiculoid; anterior la teral obsolete; posterior l a t ­
erals wanting; valve margin in ternally  smooth. These 
features characterise them as members of the Heterodonta, 
family Veneridae, but they are too poorly preserved for 
more precise id en tif ica tion . According to Moore (1969) 
and Eames (1971), Veneridae are common from Lower 
Cretaceous to Recent, and typ ica lly  shallow marine water 
in occurrence, as shallow borrowers in normal marine, 
marly and muddy sediments.
Anadara -  (plate 4 .7 , figs 5-6 ). Specimens are common in marly
limestone (Bl/34) at Butma area (north Iraq ), preserved 
as leached casts with the valves s t i l l  t ig h tly  closed. 
Their thick equivalve valve, ovate trapezoidal in shape 
with commarginally beaded radial costae, ornaments sim­
i l a r  on the two valves, hinge line re la t iv e ly  short and 
valve margins in terna lly  scalloped, characterise them as 
members of the Pteriomorphia, family Arcidae, genus 
Anadara^ but they are too poorly preserved for more pre­
cise id en tif ica tio n . According to Moore (1969), Anadara 
spp. are common from Lower Miocene - Recent, and ty p i­
cal ly shallow warm water in occurrence, as shallow bor­
rowers in normal marine, marly sediments.
Cardium -  
(Sensu la to )
(plate 4 .8 , figs- 1-3). Specimens are rare in marly lime­
stone (Bl/34) in the Butma area (north Iraq ), preserved 
as leached casts with the valves s t i l l  t ig h tly  closed. 
Their large, subquadrate, inflated shell and sharp radial 
costae giving rise to a coarsely corrugated interlocking  
margin characterise them as members of the Heterodonta, 
family Cardiidae, but they are too poorly preserved for 
more precise id en tif ica tio n . According to Moore (1969) 
and Eames (1971), members of the family Cardiidae are
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Lucina -  
(Sensu la to)
Pectinidae -
common from Miocene to Recent, and typically  marine water 
in occurrence, as shallow borrowers in marine marly 
sediments.
(plate 4.8, figs 4 ,5 ) .  Specimens are rare in marly lime­
stone (Bl/36) in the Butma area (north Iraq), preserved 
as leached casts with the valves s t i l l  t ig h tly  closed. 
They are medium-sized to large, subtrapezoidal, more or 
less flattened, with well-marked dorsal areas; sculpture 
of somewhat evenly spaced concentric lamellae with some 
areas smoother than the remainder of the disc which 
characterise them as members of the Heterodonta, family 
Lucinidae. According to Moore (1969), and Eames (1971), 
this widespread liv ing  group f i r s t  appeared in the Palaeo­
zoic, and is typically  marine to estuarine water in oc­
currence, as shallow borrowers in marly sediments.
(plate 4.8, f ig .  6 ) . Specimens are common in limestone 
(F l /4 )  at the Fathah area (north Iraq ), preserved in lime­
stone blocks crowded with individuals. Shells vary in 
size, orbicular to oval in shape, valves of some shells 
equally convex, but usually one valve more in flated than 
the other; surface with radiating folds; upper valve 
usually more brightly coloured. These features and the ir  
d istinc tive  hinge line with ears, together with a mono- 
myarian muscle scar characterise them as members of the 
Pteriomorphia, family Pectinidae. According to Moore 
(1969), and Eames (1971), Pectinidae are common from 
Triassic to Recent, and are always marine.
4.2.4 Palaeoecology 
4.2.4a Oysters
Oysters (suborder Ostreina) originated in euhaline waters {fide  
Moore, 1969; Hudson & Palmer, 1976). However, the family Ostreidae la ter  
evolved the a b i l i ty  to penetrate into brackish estuaries and lagoons.
Some species can exist in salinities" as low as 10 per m ille . Both the
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species 0. latim arginata  and 0. subangulata are typical members of the 
family Ostreidae according to the c r i te r ia  listed by Hudson & Palmer 
(1976, table 1). The associated molluscs reported from Persia by 
Douglas (1927) and from Iran and Bahrein Island by Cox (1936) are cer­
ta in ly  marine but i t  is not clear that these occur at precisely the 
same horizon as the oysters. Figures 4.1 - 4.4 indicate that the fos­
s ils  precisely associated with the oysters in Iraq are benthonic forams, 
ostracods and gastropods together with occasional echinoid spines, in ­
dicating shallow marine water for these particular beds.
The shell material of the oysters is seemingly well preserved, 
a reflection of its  re la t iv e ly  stable ca lc ite  mineralogy (Kennedy e t  a l . , 
1969 ). Valves are separated, but this may re f le c t  only surface weather­
ing of the outcrop. Valves are otherwise l i t t l e  abraded, indicating  
l i t t l e  transport.
4.2.4b Veneridae
Veneridae may be euryhaline ( fid e  Moore, 1969). Both d em en tia  
papyracea and C lausinella  persica  resemble other members of the family 
Veneridae in the ir  shell shape and cardinal hinge teeth and would there­
fore seem to be potentia lly  typical Veneridae. The associated molluscs 
reported from Persia by Douglas (1927) and from Iran and Bahrein Island 
by Cox (1936) are certa in ly  marine but i t  is not clear that these occur 
at precisely the same horizon as the Veneridae. Figures 4.1 - 4.4 in ­
dicate that the fossils  precisely associated with the same Veneridae in 
Iraq are benthonic forams, ostracods, and gastropods, with occasional 
echinoid spines indicating shallow marine water for these particular beds
The shell material of thé Veneridae is not preserved, a re f le c ­
tion of its  re la t iv e ly  unstable aragonite mineralogy (Kennedy e t  a l . ,  
1969). Valves are preserved as leached casts with the valves s t i l l  
t ig h tly  closed, indicating death whilst burrowing or death followed by 
rapid burial.
4.2.5 Stratigraphy
The named.species (Ostrea latim arginata, Ostrea subangulata.
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ClŒÀsinetla pevsica^ and d em en tia  papyracea) are a characteristic  
element of a facies fauna recorded typica lly  from Iran and India, but 
extending also to Burma. The Iraq specimens constitute the most north 
westerly record of this Indo - West Pacific fauna.
The above species are generally ascribed to the Lower Miocene 
(Burdigalian). Unfortunately, some of the species and a ll  the genera 
identif ied  have a long time range (d a u s in e lla  persica , d em en tia  
papyracea^ Anadara, CardiuWj Lucina^ Pecten, and Veneridae). Some of 
the taxa are not known in rocks younger than Burdigalian (notably 0. 
latim arginata, C.P. N u tta ll ,  pers. comm.), whilst others (Cardium^ 
Anadara, and d a u s in e l la  p ersica )  are not known in rocks older than 
Lower Miocene. The Lower Pars Formation of Iraq can therefore be dated 
as of possible Burdigalian age.
I t  is interesting that d em en tia  papyracea is confined to the 
marginal Lower Pars facies of Iraq and not found elsewhere in the area 
of deposition. This may re f le c t  the fact that O. latimarginata^ 0, 
suhangulata, d a u s in e l la  persica , Cardium, and Pecten occur only within 
the marl and limestone of the basinal cycles, indicating that those 
rocks were deposited under tru ly  marine conditions.
PLATE 4.5
Figs 1 - 4  Ostrea latim arginata  - Lov/er Fars Formation (Miocene),
Sheikh Ibrahim area (N. Iraq); 1 -  external view of le f t  
valve (x 1), 2 - internai view of le f t  valve (x 1),
3 - external view of r igh t valve (x 2 .2 ) ,  and 4 -  internai 
view of r ight valve (x 2.2)
Figs 5-6 Ostrea subangulata - Lower Fars Formation (Miocene), Sheikh
Ibrahim area (N. Iraq); 5 - external view of r igh t valve, 
(x 1 .7 ) ,  and 6 - internai view of r ight valve (x 1.6)
PLATE 4.5
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PLATE 4.6
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PLATE 4.6
Figs 1-3 Ostrea subangulata - Lower Fars Formation (Miocene),
Sheikh Ibrahim area (N. Iraq); 1-2 - external view of 
l e f t  valve (x 1 .7 ), and 3 - internai view of le f t  
valve (x 1.7)
Figs 4-6 d em en tia  papyracea - Lower Fars Formation (Miocene),
basin-margin facies, Shaqlawa area (NE Iraq) (x 2.5,
X 2.2, & 2.2)
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PLATE 4.7
%
PLATE 4.7
Figs 1-4 Veneridae - Lower Fars Formation (Miocene), bas in -centre
facies, Butma area (N. Iraq); (x 1.9, x 2 .0, x 1.5, & 2.1)
Figs 5-6 Anadara Lower Fars Formation (Miocene), basin-centre
facies, Butma area (N. Iraq); (x 2.5 & 2.3)
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PLATE 4.8
Figs 1-3 Cardium - Lower Fars Formation (Miocene), basin-centre
facies, Butma area (N. Iraq); (x 2 .6 , x 2.8, & 3.9)
Figs 4-5 Lucina - Lower Fars Formation (Miocene), basin-centre
facies, Butma area (N. Iraq); (x 1.9)
Fig. 6 Pectinidae  - Lower Fars Formation (Miocene), basin-
centre facies, Fathah area (N. Iraq); (x 1.7)
149
4.3 Gastropoda and Scaphopoda
4.3.1 General
Very few gastropods have been identified from the Lower Pars 
Formation in Iraq in published works. Al-Naqib (1959) recorded only 
T u rr ite lla  and Hydrobia.
Unpublished identifications include Hydrobia, Acteonina, and 
Theodoxus together with the scaphopod Dentalium recorded by Ctyroky & 
Karim (1969) from the limestones of the Lower Pars of the Fathah area. 
Also Hydrobia, Acteonina, Ctyroka, Tinostoma, L itto r in a , T u rr ite lla , 
T rico lia , S ta lio p s is ,  Stagnicolapalus, Haninoea, Nematurella, C irsonella, 
Brookula, Rangimata, and Kishinewia together with the scaphopod Dentalium 
recorded by Ahmad (1980) from the limestones of Sheikh Ibrahim, Maqlub, 
Sheikhan, Baashiqa, Bahzani, Guolat, and Mishraq areas (north Iraq). Of 
these, only eight are i l lu s tra te d , none are described.
Nuttall (1983, written comments) is unhappy about the fauna listed
by Ahmad (1980) from the Lower Pars Formation of northern Iraq because 
several of these genera are small, trochiform, snails orig inally  des­
cribed from Australia and New Zealand. He states that i t  is d i f f ic u l t
to identify  them with any degree of certainty and the three following
could a l l  rea lly  be one unidentifiable species: Cirsonella, Brookula and
Rangimata. Sim ilarly , he adds that Nematurella and S ta lio p s is  are small 
Rissoacea, d iffe r in g  from the f i r s t  three genera only in having higher 
spines and they are recorded from the European rather than Mediterranean- 
Middle East Tertiary. I f  Stagnicolopalus  is the same as the northern 
European species of liv ing pond snail Stagnicola p u lu s tr is  which belongs 
to the family Lymnaeidae and is s t r ic t ly  fresh water, then i t  is unlikely 
to be found in Iraq and seems a very improbable constituent of the Pars 
fauna.
Eight genera were tentatively  recognised during the present study, 
and are il lus tra ted  and diagnosed below, in alphabetical order of generic 
name.
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4.3.2 Descriptive Palaeontology
Acteonina -
'ffiaminaea  -
'iHydrobia -
iL itto r in a  -
(plate 4.9, f ig .  1)
Oval - conical with stepped spire; usually smooth, occas­
ionally with very fine spiral striae; aperture long, 
narrow, columella thickened but without folds. Many spec­
imens collected from the marls and limestone of the Upper 
Member at Sheikh Ibrahim area (S2/67), and from limestones 
of Lower and Upper Members at Fathah area (Fl/11, F2/17,59).
(plate 4 .9 , f ig .  2)
Oval - c y lin d r ica l,  with very fine spiral striae; spine 
umbilicus very narrow, inner whorls not v isib le; columella 
short, concave, smooth; thinner shelled than Bulla. Sev­
eral specimens collected from the limestone of the Lower 
and Upper Member of the Lower Fars Formation at Fathah 
(Fl/11 , 26,32, F2/55,59). According to Fames (1971), this 
genus has a long range (Eocene - Recent) and is found in 
the Mediterranean, Europe, N. America, S. America, Carib­
bean Province, and tropical seas.
(plate 4.9, figs 3,4)
Elongated oval conical, smooth, with narrow umbilicus; ap­
erture obliquely oval, somewhat angulated posteriorly; 
labral p ro fi le  straight and vertica l. Several specimens 
were collected from Lower Member of Sheikh Ibrahim, Butma, 
and Fathah (F l/26,32, Sl/76-79, Bl/12-18,40,49,50,51, & 54), 
as well as from the Upper Member at Fathah and Sheikh 
Ibrahim areas (F2/15,17,59, S2/30,47,53,67). This genus 
was recorded from Europe, Asia, Africa, and N. America in 
rocks ranging in age from Permian to Recent (Eames, 1971).
(plate 4.9, figs 5,6 plate 4.10, f ig . 1)
Nearly spherical, with very low spire, smooth; aperture c i r ­
cular, bluntly angular posteriorly; columella l ip  concave. 
Several specimens collected from the Lower Member of the 
Butma area (Bl/36) and Fathah (F l/2 6 ) , and from the Upper
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Member of Fathah and Sheikh Ibrahim areas (F2/15,59, S2/47, 
53, & 67). This genus has a time range from Oligocene to 
Recent (Eames, 1971).
iM e la n e l la  -  (plate 4.10, f ig .  2)
Subvlate, with curved axis and fla t.s ided , smooth whorls; 
labrum arcuate, its  profile  oblique; anomphalous. Only one 
specimen collected from the limestone of the Upper Member at 
Fathah area (F2/59). This genus, which ranges from Eocene 
to Recent, is common in the Indo-Pacific Province, India, N. 
A frica , Europe, N. America, Caribbean Province, S. America, 
and warm seas (Moore, 1969; and Eames, 1971).
Theodoxus -  (plate 4.10, f ig .  3)
Small, oval with low spire; columella l ip  very feebly toothed; 
labrum th in , smooth; one specimen collected from the lime­
stone of the Upper Member at Fathah area (F2/40). This genus 
has a range time from Oligocene to Recent, and is common in 
Europe, the Middle East, and N. Africa (Eames, 1971).
'^ •T r ico l ia  -  (plate 4.10, f ig .  4)
Short - oval conical, whorls not numerous, smooth, moder­
ately convex; aperture rounded, with posterior gutter; ano­
mphalous; labrum thin, straight,, and s lightly  prosocline. 
Several specimens collected from the Lower and Upper Members 
at Butma, Sheikh Ibrahim, and Fathah areas (81/51, B2/8, 
Sl/76-79, S2/47,67, F l/32 , F2/40,59). This genus, which is 
recorded in the Caribbean Province, Europe, and N. America, 
has a range from Palaeocene to Recent (Moore, 1969; Eames, 
1971).
T u r r i t e l l a  -  (plate 4.10, figs 5,6)
Turreted-coniCal, ornamented with spiral threads, lateral 
and basal portions of labrum form one wide shallow sinus 
sweeping back from the adapical suture and crossing the base 
in a straight line; on neanic whorls the sinus is narrower 
and situated higher up; primary spirals appear in unusual
152
order. Several specimens collected from the Lower and 
Upper Members at Fathah area (F l /1 1 ,26, F2/15,17,40,59), 
and Butma area (B l/34,51, B2/8,49) as well as from the 
Upper Member at the Sheikh Ibrahim area (S2/51), and the 
Shaqlawa area (H6). This genus has been recorded from 
d iffe ren t parts of the world, with an age range from 
Cretaceous to Recent (Eames, 1971).
4 .3 .3  Conclusion
In addition to the genera described above, specimens of Dentalium, 
ramose bryozoans, and echinoid fragments were collected from the lime­
stones as well as from the marly limestone and marls at the Fathah, 
Sheikh Ibrahim, Butma, and Shaqlawa areas.
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PLATE 4 .9
PLATE 4.9
Fig. 1 Acteonina - from the limestone of the Lower Member 
(81/17, Butma area, x 50)
Fig. 2 ?Haminaea - from the limestone of the Lower Member 
(Fl/32, Fathah area, x 50)
Figs 3-4 ?Hydrobia - from the limestone of the Lower Member
51/76, Sheikh Ibrahim area, x 40), and the Upper
Member (F2/59, Fathah area, x 50)
Figs 5-6 ?L ittorina  - from the limestone of the Upper Member
(F2/59, Fathah area, x 50)
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PLATE 4.10
Fig. 1 î L i t t o r i n a  - from the marly limestone of the Lower Member
(Bl/336, Butma area, x 60)
Fig. 2 ?Melanella - from the limestone of the Upper Member
(F2/59, Fathah area, x 35)
Fig. 3 Theodoxus - from the limestone of the Upper Member
(F2/59, Fathah area, x 35)
Fig. 4 ?T rico lia  - from the mudrock of the Upper Member (52/47, 
Sheikh Ibrahim area, x 50)
Figs 5-6 T u rr ite lla  - from the limestone of the Lower Member (B2/8, 
Butma area, x 3 .4 ), and (H6, Shaqlav/a area, x 30)
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4.4 Foraminifera
4.4.1 Previous Records
Few foraminifera have been identified from the Lower Fars Forma­
tion in Iraq. Van Bell en e t a l. (1959) record only Rotalia  heccarii, 
Elphidium and m ilio lids . Buday (1980) to ta lly  accepts these records 
and adds Sigm oilina  and Quinqueloculinaakneriana. Al-Naqib (1 959) 
records just R ota lia  and m ilio lids  from an area south of Kirkuk. Other 
published identifications are those of A1-Omari & Sadik (1972) who 
record Miogypsina, T extu laria , T. tarchanensis, Borelis melo, Nodosaria, 
Armonia beccarii, C lavulina, Peneroplis and Elphidium from the Bashiqa 
area of northern Iraq. A1-Mubarak (1978) records Ammonia beccarii 
globula, Elphidium indicum, D iscorbis tschakrakensis, R otalia  parkinsoniane, 
and m ilio lids from the Fathah - Mosul area.
Unpublished identifications include Ammonia beccarii parkinsoniane, 
Armonia beccarii globula, Armonia beccarii, Peneroplis cf. evolu tus, 
Peneroplis sp ., Peneroplis fa rse n s is , R o ta lia  beccarii, R o ta lia  umbonata, 
Borelis rrnlo subsp., Amodiscoides s\). , Quinqueloculina akneriam , Quinque- 
locu lina  sp., T rilo cu lin a , Sp iro locu lina , Elphidium, Textularia  (unpub­
lished Geological Survey of Iraq reports). PC\so Arrmonia sp., Quinque- 
loculina , Elphidium, Anomalina, R o ta lia , Trilocu lina , Spiroloculina, 
G loborotalia, G lobigerina, Nonion, T ritax ia , Clavalina, B orelis, Textularia , 
Nodosaria, Lagena, Pyrgo, G uttu lina , and C ibicides sp. recorded by Ahmad 
(1980) from the limestones of the Sheikh Ibrahim, Mishraq, Sheikhan, Guolat, 
and Albu Saif areas, northern Iraq.
Unfortunately, neither published nor unpublished reports actually  
i l lu s tra te  any Lower Fars foraminifera from Iraq, with the exception of 
Miogypsina iden tif ied  by A1-Omari & Sadik (1972), because these taxa are 
wide in occurrence, well known, and are not age diagnostic. This section 
therefore provides il lu s tra tio n s  for taxa from the Lower Fars of northern 
Iraq. The identifications are based on the major monographic works of 
Cushman (1928, & 1959), Moore (1964), Murray (1970), Eames (1971) and 
Brasier (1980).
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4.4.2 Taxonomy
Foraminifera present in the Lower Fars Formation are here iden­
t i f ie d  only to generic rank, because of the poor preservation which made 
more detailed determination unreliable.
Figures 4.1 - 4.4 l i s t  the Foraminifera identified within the 
Lower Fars Formation at the four loca lit ies  examined in this study. The 
main taxa iden tif ied  are Quinqueloculina, T ritocu tina , Spiroloculina, 
Aimonia b ecca r ii, Elphidium, Nonion, Rotalia , C ibicides, G uttulina, 
Peneroplis, T extu laria , plus rare representatives of other forms.
Identifications are based either on thin sections or on whole 
specimens from washed samples. Key taxa are il lustra ted  in plates 4.11 - 
4.13.
4.4.3 Palaeoecology and Palaeoenvironments
The Foraminifera listed above and in figures 4.1 - 4.4, are not 
age diagnostic, although common in Miocene rocks world wide. They do 
however, have some use as palaeoenvironmental indices. Brasier (1975) 
concluded that s a l in i ty ,  temperature, depth, vegetation and predation are 
factors which a ffec t the distribution of the Foraminifera.
In the present study, nearly a ll the limestone horizons of the 
Lower .Member of the basin-centre facies are characterised by the ocur- 
rence of T rilo cu lin a , and Quinqueloculina. Representatives of other gen­
era (see 4 .4 .2 ) such as Ammonia, Elphidium, and G uttulina  are common.
Murray (1965, 1966, 1966a.& b, 1970 & 1970a) and Brasier (1975, 
1980) recorded d iffe ren t species of T rilocu lina  and Quinqueloculina from 
hypersaline environments. These genera occur in water with sa lin ity  more 
than 32%o, temperate to trop ica l, 0 - 40 m depth, in inner shelf, normal 
marine, and hypersaline lagoon conditions. According to Phleger-& Ewing 
(1960) the smooth and striated forms of the genus Quinqueloculina similar 
to those in the Iraqi Lower Fars occur in marine lagoons with sa lin ity  of 
about 30%oand depth to 25 metres. In contrast Anmonia occurs at 0 - 30°C 
temperatures, 0 - 50 m depth, in hyposaline to hypersaline lagoons and 
inner shelf areas.
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Therefore, i t  may be concluded from the above fossil assemblages 
in re la t ive ly  rich - evaporitic sediments of the basin-centre facies 
that these fossils lived in a general hypersaline, temperate to tropical 
shallow water lagoonal environment.
Quinqueloculina, T rilo cu lin a , Elphidium, Rota lia , Ammonia, Nonion, 
C ibicides àro common in the rocks of the Upper Member of the basin- 
centre and in the basin-margin facies of the Lower Fars. Walton (1955) 
stated that R ota lia  C ibicides s p D i s c o r b i s  occur significantly  
in Todes Santos Bay at depth between 50 - 90 m. Natland (1933) found 
that his f i r s t  two bathymetric zones are characterised by Elphidium, 
R ota lia , Quinqueloculina, C ib icides, T rilocu lina  and others. Andersen •
& Murray (1953) listed Elphidium, Nonion, Rota lia , and Quinqueloculina 
as shallow water fossils .
The presence of some planktonic foraminifera such as Globigerina 
may be attributed to fortuitous current or wave transporting action re f ­
lecting temporary connection of the lagoon to an open marine environment.
Murray (in Medley & Adams, 1976) suggested that low foraminifera! 
diversity indicates marginal marine environment and high m ilio lid  content 
suggests a hypersaline lagoon.
From the above discussion, i t  may be concluded that these rocks 
have been deposited in an environment where there was a progressive dec­
rease in s a lin ity  and a general transition from hypersaline to normal 
marine and f in a l ly  to hyposaline indicated by the increase in abundance 
of the tolerant forams such as Elphidium, Nonion, Rotalia , and Ammonia 
beccarii toward the top of the section. The water was generally warm 
with depth around 50 metres and even less than that in the marginal facies
PLATE 4.11
Fig. 1 Pyrgo - from the marly limestone of the Lower Member
(Bl/69, Butma, x 50)
Fig. 2 G loboro ta lia  - from the limestone of the Lower Member
(F l /1 7 ,  Fathah, x 50)
Fig. 3 Nonion -  from the limestone of the Lover Member (F2/15,
Fathah, x 40)
Fig. 4 G u ttu lin a  -  from the .limestone of the Lower Member
(F l /2 6 , Fathah, x 80)
Fig. 5 B orelis  melo -  from the limestone of the Lower Member
(S l /4 ,  Sheikh Ibrahim, x 50)
Fig. 6 ? T rita x ia  -  from the marl of the Lower Member (81/50,  
Butma, X 40)
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PLATE 4 .1 1
PLATE 4.12
Fig. 1 Ammcfnia becca rii -  from the limestone of the Upper Member
(F2/74, Fathah, x 80)
Fig. 2 Lagena -  from the marl of the Upper Member (S2/42, Sheikh
Ibrahim, x 50)
Fig. 3 C ib ic ides  - from the limestone of the Upper Member (S2/58,
Sheikh Ibrahim, x 50)
Fig. 4 T ex tu la ria  -  from the limestone of the Upper Member (82/46,
Butma, X 40)
Fig. 5 T rilo c u lin a  -  from the limestone of the Upper Member
(82/32, Butma, x 40)
Fig. 6 S p iro lin a  cy lindracea  - from the limestone of the Upper
Member (H37, Shaqlawa, x 40)
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PLATE 4 ,1 2
m
PLATE 4.13
Fig. 1 R o ta lia  b e cc a r ii  - from the limestone of the Upper Member
(B2/46, Butma, x 40)
Fig. 2 ?D en tritina  -  from the limestone of the Upper Member (B2/44, 
Butma, X 80)
Fig. 3 C ib ic id es  -  from the limestone of the Upper Member (H59,
Shaqlawa, x 80)
Fig. 4 S p iro lo c u lin a  -  from the mudstone of the Upper Member
(H57, Shaqlava, x 40)
Fig. 5 Q uinqueloculina  -  from the mudstone of the Upper Member
(H57, Shaqlawa, x 80)
Fig. 6 Elphidium  - from the mudstone of the Upper Member (H57,»
Shaqlawa, x 50)
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PLATE 4 .1 3
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4.5 Ostracods
4.5.1 General
Very few ostracods have been identif ied  from the Lower Pars 
Formation of Iraq. A1-Omari & Sadik (1972) record only C ytherella  sp. 
from the Lower Pars at Bashiqa area, northern Iraq. The only other 
published id en tif ica tio n  is that by Buday (1980).
Unpublished identif ica tions  comprise Cyprideis sp. and I l io c y p r is  
(s ic )  sp. recognised by Ctyroky & Karim (1969) from the Lower Pars lime­
stones of the Pathah area; C ytherello idea  sp., Caudites sp., Tvachylehevis
sp., and C ytherella  sp. recorded by Munir (1977) from the Duhok - Ain 
Zdla area, northern Iraq; also, Loxoconcha sp., and Cytheropteron sp. 
recorded by Sissakin (1980) from the Erbil-Shaqlawa-Raidar area; and 
A c tin o cy th e re is , C ytherella , C ytherello idea , X esto leh eris , Trachyleberis, 
C lith rocytheridea , Loxoconcha, Paijenborchella , Amplocypris, P erisso -  
cytheridea , C yprideis, M imseyella, N eocyprideis, C a llis to cy th ere , Maaro- 
cyp r is , Caudites, Legum inocythereis, Cushmanidea, A urila , Paracyprideis^ 
M ediocytherideis, Jugosocythereis, P ro tocy there tta , U roleberis, C ytheretta , 
Henryhoüella, and Cytherura recorded by Ahmad (1980) from Lower Pars lime­
stones of the Sheikh Ibrahim, Mishraq, Bashiqa, Maqlub, Sheikhan, Guolat,
and Albu S a if areas, northern Iraq. Only some of the ostracods id e n t i f ­
ied by Ahmad (1980) are i l lu s tra te d .
This section therefore provides diagnoses and il lus tra tions  for  
species from the Lower Pars Formation of Iraq, to confirm species ident­
if ica t io n  and fa c i l i ta te  comparison with material from other countries.
Iden tif ica tions  are based primarily on the shape of the carapace 
and on its  surface sculpture, as recommended by Scott (1961) and van 
Morkhoven (1962), and based also on the major monographic works of 
Stephenson (1938), Malkin (1953), Moore (1961), Swain (1955), and Omatsole 
(1970). Because o f the poor state of preservation (evidenced in the 
plates), and because species of the iden tif ied  genera are not l ik e ly  to 
be age diagnostic, firm identif ica tions  are made only to generic level.  
Tentative species ascriptions are, however, recorded where possible.
Species comparison is generally with American species, since American
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ostracods o f s im ila r  age and morphology are well described, but the geo­
graphic separation o f  these areas makes precise species equivalence un­
l ik e ly .  Species names should therefore be viewed with caution. Ident­
i f i c a t io n  to generic le v e l ,  however is  s u f f ic ie n t  to ind icate the e n v ir ­
onmental preferences o f  these ostracods.
Taxa are described and discussed below in the taxonomic sequence 
adopted by Moore (1961).
4.5.2 Palaeontological Description
Subclass OSTRACODA 
Order PODOCOPIDA 
Suborder PODOCOPINA 
Superfamily CYTHERACEA 
Family CYTHERIDEIDAE 
Subfamily NEOCYTHERIDEIDINAE 
Genus CYTHERIDEIS 
C y th e r id e is  c f .  a g r ic o la  Howe & Hadley
Plate 4.15, f ig s  5,6
1935 C y th e r id e is  a g r ic o la  Howe & Hadley, F lorida Dept. Conser­
va tion, Geol. B u ll.  13, p . l3 ;  p i . 3, 
f ig .  27-30; p i . 4, f i g . 8.
1953 C y th e r id e is  a g r ic o la  Wo\fiQ ^ Hadley; Malkin, J. o f Paleo. ,
V.27, No.6, p .779; p i . 78, f ig s  24,25.
Material - Rare in  the washed sample H59; from the limestone at
Shaqlawa area.
Diagnosis - Elongate s u b c y l in d r ic a l , high a n te r io r  end; surface very
f in e ly  p i t te d ;  hinge lophodont.
Remarks - These specimens seem c lose ly  s im ila r  to C. a g r ic o la ,  a
species described by Howe & Hadley (1935) on the basis o f 
American m ateria l.
D is tr ib u t io n  - Yorktownian (Upper Miocene) o f  Yorktown, U.S.A. (Malkin, 
1953).
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C ytherideis  cf. subaequalis u lr ic h i  Howe & Jonson 
Plate 4.16, f ig  1
1935 C ytherideis u lr ic h i  Howe & Jonson, Florida Dept. Conservation,
Geol. Bull. 13, p .16; p i . 3, figs 11-14.
1953 C ytherideis subaequalis u lr ic h i  Howe & Jonson; Malkin, J. of
Paleo., V.27, No.6, p .779; p i . 78, f ig .  19.
Material - Abundant in washed sample H59 and probably in sample 82/38,
a l l  from the limestones of the Upper Member in the Shaqlawa 
and Butma areas.
Diagnosis - Molts are thin valves, s imilar in outline; lacking hinge,
with narrow marginal area.
Remarks - These specimens seem closely sim ilar to C. subaequalis
u lr ich i^  a species described by Malkin (1953), on the basis 
of American material. As Malkin (1953) notes, C ytherideis  
u lr ic h i  and C. subaequalis u lr ic h i  are similar but the l a t ­
te r  has a greater size and convexity of valves than C. 
u lr ic h i^  so is tentative ly  regarded as an allochronic sub­
species of C. u lr ic h i .
Distribution - Yorktownian (Upper Miocene) of Yorktown, U.S.A. (Malkin, 
1953).
Subfamily CYTHERIDEINAE 
Genus CYPRIDEIS 
C yprideis  cf. l i t t o r a l i s  Brady
Plate 4.17, f ig .  4
1869 C yprideis l i t t o r a l i s  Brady, Nat. Hist. Trans. Northumb. and
Durham, V.3, p . l .
1889 Cytheridea torosa vantones Brady & Norman, Trans. Roy.Dublin
Soc., V .4, ser.2, p .175.
1912 Cytheridea torosa l i t t o r a l i s  (Brady); M uller, Dastierreich,
Ostracoda, p .326.
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1928 C yprideis l i t t o r a l i s  Brady; Sars, Crust. Norway, p .155;
pi .71 ; p i .72, f ig .  1.
1955 Cyprideis l i t t o r a l i s  Brady; Swain, J. of Paleo., V.29,
p .615; p i . 59, figs l la -c ,  text figs 
38, 5a,b.
Material Rare in washed sample H59.
Diagnosis - Shell subellip tica l in side view; highest medially; dorsal
margin gently convex, ventral margin nearly straight to 
very s l ig h t ly  concave; terminal margins broadly and uni­
formly rounded; l e f t  valve a l i t t l e  larger than right  
valve on the basis of marginal structure.
Remarks - These specimens seem closely similar to C. l i t t o r a l i s ,  as
described by Swain (1955) on the basis of Recent material. 
The Iraqi specimens are more coarsely pitted than seems 
typical for Cyprideis l i t t o r a l i s .
Distribution - This species is found in the Recent of San Antonio Bay and 
in brackish water or near shore deposits of Europe, Asia, 
and N. Africa (Swain, 1955).
Genus tiAPLOCYTHERIDEA 
Haplocytheridea  cf. subovata (Ulrich & Bassler)
Plate 4.18, f ig .  3
1904 Cytheridea subovata Ulrich & Bassler, Maryland Geol. Survey,
Miocene Vo l., p .124; p i . 37, f ig .  1-8.
1938 Cytheridea (Haplocytheridea) subovata (Ulrich & Bassler);
Stephenson, J. op Paleo., V.12, p .134; 
p i . 23, f ig .  23; p i . 24, figs 9,10; text  
f ig .  3.
1938 Cytheridea (Leptocytheridea) waltonensis  Stephenson, J. of
Paleo., V.12, p .140; p i . 23, f ig .  13; 
text f ig .  15 (possible young molt of 
H. subovata.
1953 Cytheridea (Haplocytheridea) subovata Ulrich & Bassler);
Malkin, J. of Paleo., V.27, No.6, p .782; 
p i . 79, figs 15,17.
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Materia l Abundant in washed sample H59.
Diagnosis - Carapace large, th ick  shelled, ovate in side view; valves
evenly convex, s l ig h t ly  swelling in posterior h a lf ;  sur­
face smooth or sparsely p it te d .
Remarks - These specimens seem closely s im ila r  to E. subovata, as
described by Stephenson (1938) and Malkin (1953) on the 
basis o f American m ater ia l.
As Malkin (1953) notes, C ytheridea  (L e p to cy th e rid e a )  
w a lto n e n s is  is  s im ila r  to C ytheridea  (H a p locy the ridea ) 
subovata  in general ou t l in e .
D is t r ib u t io n  - Calvertian and Choptankian (Middle Miocene) of U.S.A.
(Malkin, 1953); Chipola, Oak Grove and Shoal River 
Formation (Miocene) of F lo r ida  (Stephenson, 1938).
Genus CLITHROCYTHERIDEA 
C lith ro c y th e r id e a  c f .  d ia g o n a lis  Malkin
Plate 4.16, f i g .  4
1953 C lith ro c y th e r id e a  d ia g o n a lis  Malkin, J. of Paleo., V.27,
No.6, p .782; p i . 79, f ig s  18, 
19,21,22 and 24.
Materia l Common in washed sample H59.
Diagnosis - Carapace.elongate, reniform in  side view; dorsal margin
arcuate to sub-truncate with b lu n t ly  rounded angulation 
an te r io r  o f middle at about 2/5 the length from an te r io r 
end, at pos it ion  of greatest he ight,convexity o f valves 
regular, shell r is in g  abruptly from a l l  margins to meet 
the very gentle convex surface almost a t r ig h t  angles.
Remarks - These specimens seem closely s im ila r  to C. d ia g o n a lis ,  a
species described by Malkin (1953) on the basis o f American 
m a te r ia l .
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As Malkin (1953) notes, C lithrocytheridea  diagonalis  
d iffe rs  from Haplocytheridea prohoscid ia le  Edwards in 
hinge structure and in having a sharp change in slope of 
valves near the margins. I t  d iffe rs  from C. v irg in ie n s is  
in shape, having its  greatest length measured diagonally 
near the ventral edge, whereas C. v irg in ie n s is  is long­
est s l ig h t ly  below mid height, on a line parallel with 
the ventral margin. Leptocytheridea ch ipo lensis  
Stephenson is s im ilar in shape, but known only from young 
forms.
D istribution - Calvertian and Choptankian (Middle Miocene) of U.S.A. 
(Malkin, 1953).
C lith rocytheridea  v irg in ie n s is  Malkin 
Plate 4.16, f ig .  5
1951 ?Haplocytheridea  sp. a f f .  H. is r a e ls k y i  Swain, U.S. Geol.
Surv. Prof. paper, 234-A, p .20; p i. 1,
figs 15-17.
1953 C lith ro cy th erid ea  v irg in ie n s is  Malkin, J. of Paleo., V.27,
No.6, p .783; pi. 79, figs 23,25 and 28
Material - Abundant in washed sample H59.
Diagnosis - Carapace ovate; shell thick, translucent; dorsal margin
arcuate with blunt, rounded cardinal angulation just ant­
e r io r to mid height; anterior broadly rounded; posterior 
rounded, oblique, passing into dorsal margin with a very 
gradual decrease in slope in right valve; surface densely 
p itted , space between the pits forming an irregular r e t i ­
culation.
Remarks - These specimens seem closely sim ilar to C, v irg in ie n s is ,  
a species described by Malkin (1953). As Malkin (1953) 
notes, C, d iagonalis  is similar to C. v irg in ie n s is , but 
the la t te r  has a much thicker shell and d iffers  in loca­
tion of maximum length of carapace, in possession of
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median sulcus, and in slope of convexity of valves. Also 
Malkin (1953) notes that molt stages are d i f f i c u l t  to 
distinguish from young forms of Anomocytheridea flo rid en a  
unless they have the deep p itting  characteristic of C. 
v irg in ie n s is ;  young forms of Leptocytheridea mariannensis 
also have a similar shape to C. v irg in ie n s is .
D istribution - Yorktown (Upper Miocene) of the U.S.A. (Malkin, 1953).
Subfamily PERISSOCYTHERIDEINAE 
Genus FERISSOCYTHERIDEA 
?P erissocytheridea rugata  Swain
Plate 4.15, f ig .  3
1955 P erissocytheridea  rugata  Swain, J. of Paleo., V.29, No.4,
p .622; p i . 61, f ig .  4a,b; p i .62, 
f ig .  6a,b.
Material - Rare in washed sample H59.
Diagnosis -  Shell of variable elongation, outline subovate; dorsal
margin moderately convex, ventral margin s lig h tly  convex; 
l e f t  valve larger than r igh t valve.
Remarks -  These specimens seem closely similar to P. rugata, as des­
cribed by Swain (1955) based on American material. The 
Iraqi specimens are similar to P. rugata  Swain in shape 
but the surface pits are shallower. Also they are similar 
to P. m etsoni (Stephenson) but the surface pits are deeper,
D istribution -  San Antonio Bay and rare in Matagorda Island (Recent) of 
Texas (Swain, 1955).
Family TRACHYLEBERIDIDAE 
Subfamily TRACHYLEBERIDINAE 
Genus TRACHYLEBERIS 
Trachyleberis  cf. evax (Ulrich and Bassler)
Plate 4.14, f ig .  6
l68
1904 Cythere eyax Ulrich & Bassler, Maryland Geol. Survey, Miocene
volume, p .119; p i . 36, figs 6-8.
1904 Cythere evax var. oblongula Ulrich & Bassler, Maryland Geol.
Survey, Miocene volume, p .119; p i . 36, figs 9,10.
1948 C ythereis evax var. oblongula Swain, Maryland Dept. Geol.,
Mines, Water Resources. B u ll .2, p .204; p i . 12, 
figs 19,20.
1951 Trachyleberis evax Swain, U.S. Geol. Survey Prof. paper, 234-A,
p .28; p i . 3, figs 1-3.
1 953 Trachyleberis evax (Ulrich & Bassler); Malkin, J. of Paleo.,
V.27, No.6, p .792; p i . 82, figs 4,5.
Material - Abundant in washed samples F2/74, H59, a ll  from the lime­
stone of the Upper Member in the Fathah and Shaqlawa areas.
Diagnosis - Carapace reniform in side view, elongate ovate dorsally;
surface bearing fa in t  radial ribbing; r igh t valve over­
lapping le f t  valve dorsally, but l e f t  valve overlapping 
r ig h t valve ventra lly ; hinge hoiamphidont.
Remarks - These specimens seem closely s im ilar to T. evax, as des­
cribed by Malkin (1953), on the basis of American material.
As Malkin (1953) notes, T. evax has the hinge of Trachleberis  
and surface features described for Cythere evax and C, evax 
var. oblongula. The variety d iffe rs  only in its  greater 
length.
D istribution - Calvertian and Kirkwood (Middle Miocene) of U.S.A. (Malkin, 
1953).
T rachyleberis  cf. exanthemata (Ulrich & Bassler)
Plate 4.14, f ig .  5
1904 Cythere exanthemata Ulrich & Bassler, Maryland Geol. Survey,
Miocene v o l. ,  p .117; p i . 36, f ig .  1-5.
1935 C ythereis exanthemata Howe & Hadley, Florida Dept. Conser­
vation Geol. B u l l .13, p .18.
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1948 C ythereis exanthemata Howe & Hadley; Swain, Maryland Geol.,
Mines, Water resources. B u ll .2, p .204; 
p i . 12, figs 14,15.
1951 Trachyleberis exanthemata (Ulrich & Bassler); Swain, U.S.
Geol. Survey Prof. paper, 234-A, 
p .37; p i . 6, f ig . 5.
1953 Trachyleberis exanthemata (Ulrich & Hadley); Malkin, J. of
Paleo., No.6, p .791; p i .81, figs 16,
19 and 20.
Material - Abundant in samples H59, H42, H20, H18, and H7, F2/74.
Diagnosis - The type hinge is strong and well developed, consisting of
pointed tooth-socket-groove-tooth in right valve. Dorsal 
margin of r igh t valve f i t s  under that of le f t .  The spines 
are short and thick.
Remarks - A fu l l  description of this species is given by Malkin
(1953) and Swain (1955) on the basis of American material. 
As Malkin (1953) notes, Trachyleberis exanthemata is 
closely related to T. rad ia ta . Swain (1955) notes that 
A c tin o cy th ere is  exanthemata is s imilar to T. exanthemata 
(A ctinocythere is  a f f .  A. exanthemata) but the la t te r  a l l  
have spines perhaps shorter and thicker.
D istribution - Calvertian, Choptankian and Kirkwood (Middle Miocene) of 
U.S.A. (Malkin, 1953); San Antonio Bay (Recent) of Texas 
(Swain, 1955).
Trachyleberis  cf. vaughani (Ulrich & Bassler) 
Plate 4.14, f ig .  4
1904 Cythere vaughani Ulrich & Bassler, Maryland Geol. Survey,
Miocene volume, p .109; p i . 38, figs 25-27.
1935 C ythereis vaughani Howe, Florida Dept. Conservation Geol. Bull
13, p .25; p i . 3, figs 24-25; p i . 4, f ig .  13.
1937 C ythereis vaughani Coryell & Fields, Am. Mus. Novitates 956,
p .9, f ig .  10a.
1944 C ythereis vaughani Edwards, J. of Paleo., V.18, p .522; p i .87,
figs 27,28.
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1951 Trachyleheris vaughani Swain, U.S. Geol. Survey Prof, paper
234-A, p .37; p l .6, f ig .  67.
1953 Trachyleberis vaughani (Ulrich & Bassler); Malkin, J. of
Paleo., V.27, No.6, p .794; p l . 82, 
f ig .  14.
Material - Abundant in washed samples H59 and H42, a l l  from the lime­
stone of the Upper Member in the Shaqlawa area.
Diagnosis - Carapace elongate; anterior obliquely rounded; posterior
rounded below; three or four longitudinal ridges and sev­
eral transverse ridges from variable re ticu la te  pattern; 
areas between ridges usually punctate.
Remarks - These specimens seem sim ilar to T. vaughani, a species
described by Swain (1951), on the basis of American mater 
i a l .  As Malkin (1953) notes, T. vaughani and C ythereis  
vaughani are s im ilar but the former has a greater size.
Distribution - Rare in Yorktownian (Upper Miocene) of Yorktown, U.S.A. 
(Malkin, 1953).
Family LOXOCONCHIDAE 
Genus LOXOCONCHA 
Loxoconcha cf. a u s tr a lis  Brady
Plate 4.14, f ig .  2
1880 Loxoconcha a u s tr a lis  Brady, Challenger Repts., Zool. ,  V . l ,
p .119; p i . 28, figs 5a-f; p i . 29, figs  
3a-d.
1955 Loxoconcha a u s tr a lis  Brady; Swain, J. of Paleo., V.29, No.4,
p .630; p i . 63, f ig .  11; p i .64, f ig .  2.
Material -  Abundant in samples H58, and H59, F2/74.
Diagnosis -  Shell oblong to subquadrate with the posterior extension
of the valve margin located near postero-dorsal angle; the 
surface is rather coarsely re ticu la te  in a concentric 
pattern.
Remarks
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These specimens seem closely s im ila r  to L. a u s t r a l is ,  
as described by Swain (1955) from American m ateria l.
D is t r ib u t io n  - Recent of San Antonio Bay, Port Jackson, A us tra l ia , and 
o f f  Booby Island (Swain, 1955).
Loxoconcha c f .  r e t i c u la r is  Edwards 
Plate 4.14, f i g .  1
1944 Loxoconcha r e t i c u la r is  Edwards, J. of Paleo., V.18, p .521;
p i . 88, f ig s  26,27.
1953 Loxoconcha r e t i c u la r is  Edwards; Malkin, J . of Paleo., V.27,
p .786; p i . 80, f ig s  13-17.
Material - Rare in samples H59, F2/74.
Diagnosis - Carapace elongate ovate; shell th in ,  trans lucent; dorsal
margin s t ra ig h t ,  surface o f valves punctate.
Remarks - These specimens seem closely s im ila r  to L. r e t i c u la r i s ,
a species described by Malkin (1953) and Edwards (1944)
on the basis o f American m ateria l.
As Malkin (1953) notes, th is  species has many features in  
common with species o f Loxoconcha found in the Gulf Coast 
Jackson (Eocene) (L. ja c k s o n e n s is , L. vem onens is , L. 
m ornh inve g i) and Oligocene (L. woodwardensis) but d i f fe rs  
from each in some respect - arrangement o f re t ic u la t io n ,  
o u t l in e ,  marginal area, and size.
D is t r ib u t io n  - Duplin Marl (Upper Miocene) o f north Carolina (Edwards,
1944); Yorktownian (Upper Miocene) o f Yorktown, U.S.A. 
(Malkin, 1953).
4.5.3 Palaeoecology and Palaeoenvironment
In addit ion  to the species described above, specimens o f the gen­
era A m p locypris , U ro le b e r is , P a ra c y p r id e is , C y th e re tta , M e d io c y th e r id e is ,  
C a ll is to c y th e re ,  X e s to le b e r is , Loxoconcha, H a p lo cy th e rid e a , T ra c h y le b e r is ,  
C lith ro c y th e r id e a ,  C y th e re lla ,  Legum inocythe re is , C y th e r id e is , L irm o cy th e re .
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P erissocytheridea , M icrocythere, C ytherello idea, Paioenborchella, 
Macrocypris, and A ctin o cy th ere is  were collected from limestones in the 
Fathah, Sheikh Ibrahim, Butma, and Shaqlawa areas; C ytherideis, P erisso­
cy theridea , Paracyprideis, Loxoconcha, M ediocytherideis, A c tinocy there is , 
Trachyleberis, C lith rocytheridea , Leguminocythereis, C ytherella , 
C ytheretta , C ytherello idea , Paracytheretta , C a llis to cy th ere , Proto­
c y th e re tta , Amplocypris, Cyprideis, Polycope, X esto leb eris , and Cushman­
idea  were collected from mudstones at the same four lo ca lit ies  (see figs 
4.1 - 4 .4 ) .  All these ostracods were picked from washed samples and 
id en tif ied  only to generic leve l. (The iden tif ica tion  of C ytherideis  is 
consistent with the nomenclature of Malkin, 1953, and of van Morkhoven, 
1962, although not Moore, 1961).
Environmental preferences for s ign ificant ostracod genera recorded 
here from the Lower Fars are summarised in f ig .  4 .5 . Trachyleberis, 
Leguminocythereis, and Paracyprideis  (the la t te r  only in the uppermost 
part) were recorded in the Lower Member of the Lower Fars Formation 
throughout the studied area. Malkin (1953) reported several species of 
Trachyleberis  from Miocene continental shelf sediments of shallow warm 
water o r ig in , whilst van Morkhoven (1962) suggested a marine condition for
Trachyleberis  and C ytherello idea . The genus Loxoconcha,. o f world wide
d is tr ib u tio n , has been reported to exist under wide ecological conditions
(Swain, 1955; van Morkhoven, 1962; and Omatsola, 1970), whilst Benson
(1959) recorded this genus in hypersaline water. C ytheretta , Cushmanidea, 
C ytherella , and Paijenhorchella  are essentially  marine genera, although 
they can adapt to polyhaline conditions (Swain, 1955; Curtis, 1960; Puri, 
1968; Keen, 1977). Bate & Robinson (1978) recorded C ytheretta , Legumino­
c y th e re is , C ytherella , and Loxoconcha from shallow marine environments 
(s a l in i ty  33%<J. The other genera are of shallow marine to Tmarine origin  
with the exception of Paracyprideis  recorded only in uppermost part of 
the Lower Member), which is typical of a brackish water environment (van 
Morkhoven, 1962).
The above fossil assemblages occur in a re la t iv e ly  well developed 
evaporitic sequence, and i t  may therefore be concluded that the rocks of 
the Lower Member were deposited in a shallow marine environment.
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Fig. 4.5 Summary o f s a l in i t y  ranges 
Formation ostracod genera 
Moore, 1961; van Morkhoven
c h a ra c te r is t ic  of Lower Fars 
(based on data by Malkin, 1953; 
, 1962; Brasier, 1980)
Salinity
G en eric  Nam es of O stracods
Fresh
W a te r
Brackish
W ater
Normal
M arine H ypersaline
<0 -5  /oo 0 . 5 - 3 0  7oo 3 0 - 4 0  7oo
0/
>40  /oo
A ctinocy there is - r a -
Amplocypris r a r -
C a llis to cy th ere - r a -
Caudites - - a —
C lithrocytheridea - a f -
Cushmanidea - - a -
Cyprideis r a r a
C ytherella - r a -
Cy th ere llo id ea - r a r
C ytheretta - r a r
Haplocytheridea - a - f
Leguminocythereis - r a r
Limnocythere a f — -
Loxoconcha - a a f
Macrocypris - - a -
M ediocytherideis — a — f
M icrocythere - a —
PaijenborcheI la • - - a
Paracyprideis - a r —
Par a cy th ere tta - - a -
P erissocytheridea -
a — -
Poly cope -
— a —
P ro tocytheretta —
r a —
Trachyleberis - r a r
U roleberis - - a —
X esto leb eris r a
a abundant f frequent r rare -  absent
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In the Upper Member of the basin-centre facies and in the basin- 
margin facies, the following ostracods were recorded: Loxoconcha,
Tvachylehevis, C ytheretta , C ytherella , Paijenhorchella, Cushmanidea, 
C a llis to cy th ere , Leguminocythereis, C lithrocytheridea, Perissocytheridea, 
Amplocypris, Mediocytheridea, A c tin o cy th ere is , Paracyprideis, X esto le­
beris , Macrocypris, C ytherideis, C ytherelloidea, Cyprideis, Paracytheretta, 
Protocytheretta , U roleberis, Limnocythere, Microcythere, Caudites, 
Polycope?, and Haplocytheridea. Malkin (1953) recorded Cytherideis,
C lithocytheridea , and Leguminocythereis from Miocene continental shelf 
sediments of shallow warm water origin. Swain (1955) recorded Cyprideis, 
Lirmocythere, and Perissocytheridea  from the Recent of San Antonio Bay, 
Texas. Macrocypris, X esto leb eris , Paracytheretta, Protocytheretta , 
U roleberis, M icrocythere , and Caudites are a ll  marine genera and C lith o -  
cytheridea, P erissocytheridea, C ytherideis, Cyprideis, Haplocytheridea, 
and Paracyprideis are a l l  brackish water genera (van Morkhoven, 1962). 
According to the same author, the genus Limnocythere (world wide d is t r i ­
bution) is a fresh water genus. Cyprideis  (recorded only in the basin- 
margin facies) may characteris tica lly  develop strong phenotypic hollow 
tubercles on the side of the valves as a result of decreasing sa lin ity  
(van Morkhoven, 1962). According to Benson (in Moore, 1962), Sandberg 
(1964), Eames (1971), and Keen (1977), Cyprideis is probably the most 
typical brackish water ostracod. Sandberg (1964) described its  ecology: 
i t  is found in fresh water, is common in mesohaline water, rare in poly­
haline and euhaline water, but abundant in hypersaline conditions; i t  
usually inhabits re la t iv e ly  quiet water such as creeks, bordering est­
uaries, lagoons or brackish "ponds" close to the sea. Haplocytheridea 
(recorded only in the basin-margin facies) is recorded from: water depths
up to 21 f t . ,  sa lin ity  16 - 33%* (Curtis, 1960); the Lower Bay subfacies, 
sa lin ity  10 -  17%*(Swain, 1955); rocky tide pools of normal marine areas 
(Benson in Moore, 1961); mangrove swamps and marine environments, sa lin ­
ity  23 - 40%,(Benda & Puri, 1962); shallow marine waters (Hulings & Puri,
1964); lagoonal areas, sa lin ity  10 - 25%*(Engel & Swain, 1967); brackish 
water (van Morkhoven, 1962); and polyhaline environments, sa lin ity  ranging 
from 16.5 - 35%* (Keen, 1977). Howe (1971) has shown how Torosecytherid- 
eidea, which inlcudes Haplocytheridea, have been used by petroleum geo­
logists to locate ancient shorelines in the Gulf States of America ; thus 
Haplocytheridea is regarded as being typical of areas adjacent to the
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shoreline, usually lagoonal or estuarine, and generally indicating red­
uced sa lin it ies  (Keen, 1977).
Therefore, from the above ostracod assemblage, i t  may be con­
cluded that the rocks of the Upper Member of the basin-centre and basin- 
margin facies were deposited in environments of d ifferent sa lin ity  than 
are inferred for the Lower Member. From the ostracod distributions 
indicated on figures 4.1 to 4 .4 , i t  appears that overall, there was a 
progressive decrease in s a lin ity  with time from hypersaline to normal 
marine and f in a l ly  to hyposaline (brackish water).
The presence of Haplocytheridea, Cyprideis and an abundance of 
other ostracod genera within the rocks at Shaqlawa area indicates that 
these rocks were deposited close to an ancient shoreline. Paracytheretta, 
P rotocytheretta , C lithrocytheridea , Haplocytheridea, Cyprideis,
Paijenborchelia , M icrocythere, and Lirmocythere are confined to the basin- 
margin Lower Fars facies of the Shaqlawa area, Baashiqa, Behzani, and 
Maqlub, and are not found elsewhere in the area of deposition.
4.5.4 Stratigraphy
Stratigraphical ranges for a ll ostracod genera recorded here from 
the Lower Fars Formation are tabulated in figure 4.6. Ranges are those 
accepted by Moore (1961) These ranges are widely accepted (e.g. by 
Malkin, 1953; van Morkhoven, 1962; Eames, 1971) with three exceptions: 
Leguminocythereis is claimed to range up only into the Oligocene rather 
than the Lower Miocene by Bate & Robinson (1978), and Robinson (1981, 
pers. comm.); U roleberis although recorded only from the Upper Miocene 
by Moore (1961) is given an Eocene to Recent range by van Morkhoven 
(1962) and by Eames (1971); C lithrocytheridea  is recorded additionally 
from the Lower Miocene by Malkin (1953).
Most of the genera range throughout the Cenozoic and have l i t t l e  
stratigraphie significance. However, six of the twenty six genera 
{Amplocypris, C yprideis, M ediocytherideis, M icrocythere, Perissocytheridea, 
and possibly Macrocypris) have not been re liab ly  recorded from rocks 
older than the Neogene (Miocene), and therefore indicate that the Lower
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Fig. 4.6 Summary of stratigraphie ranges of ostracod genera recorded 
from the Lower Fars (a fter Moore, 1961)
Generic Names of Ostracods
Tertiary
Paleogene Neogene
A ctinocythereis  
Amplocypris 
C allis tocy there  
Caudites
C lithrocytheridea
Cushmanidea
Cyprideis
C ytherella
C ytherello idea
^ t h e r e t ta
Haplocytheridea
Leguminocythereis
Limnocythere
Loxoconcha
Macrocypris
M ediocytherideis
M icrocythere
Paid enborcheI la
Paracyprideis
Paracytheretta
Perissocytheridea
Poly cope
P ro tocytheretta
Trachyleberis
Uroleberis
X esto leb eris  .
4111»
known •? known III Unknown but inferred
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Fars Formation cannot be older than Miocene. Moreover, since Legumino­
cy th ere is  is not known from rocks younger than Lower Miocene, and is 
most characteristically  Paleogene in age, this seemingly indicates that 
the Lower Fars Formation is Lower Miocene rather than later in s t r a t i ­
graphie age. Tentative species ascriptions made above are broadly 
consistent with this Lower Miocene date.
PLATE 4.14
Fig. 1 Loxoconcha cf. re tic u la r is .  Exterior of a l e f t  valve, X 32
Fig. 2 Loxoconcha cf. australuis. Exterior of a l e f t  valve, X 33
Fig. 3 P a ijen b o rch e llin a . Exterior of a r ig h t valve, X 37
Fig. 4 Trachyleberis  c f. vaughani. Exterior of a l e f t  valve, X 30
Fig. 5 T rachyleberis  c f. exanthemata. Exterior of a r igh t valve, X 32
Fig. 6 Trachyleberis  c f .  evax. Exterior of a r ig h t valve, X 30
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PLATE 4 .1 4
PLATE 4.15
Fig. 1 Legum inocythereis. Exterior of a r ig h t  valve, X 32
Fig. 2 P erissocytheridea . Exterior of a r ig h t valve, X 30
Fig. 3 P erisso cyth erid ea  cf. rugata . Exterior of a r ig h t valve, X 33
Fig. 4 C yth erid e is . Exterior of a l e f t  valve, X 33
Fig. 5 C yth er id e is  cf. a g rico la . Exterior of a l e f t  valve, X 25
Fig. 6 C yth er id e is  cf. a g rico la . Exterior of a l e f t  valve, X 32
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PLATE 4.15
%
PLATE 4.16
Fig. 1 C yth er id e is  cf. subaequalis u lr ic h i .  Exterior of a r ig h t  
Valve X 20
Fig. 2 Am plocypris. Exterior of a r igh t valve, X 25
Fig. 3 Polcope. Exterior of a r ig h t valve, X 25
Fig. 4 C lith o cy th er id ea  c f. d ia g o n a lis . Exterior of a l e f t  valve,
X 55
Fig. 5 C lith o cy th er id ea  cf. v ir g ir ie n s is .  Exterior of a l e f t  
valve, X 32
Fig. 6 Cushmanidea. Exterior of a r ig h t  valve, X 33
i8o
PLi'vTE 4,16
PLATE 4.17
Fig. 1 C yth ere lla . Exterior of a l e f t  valve. X 32
Fig. 2 C yprideis. Exterior of a r ig h t valve , X 25
Fig. 3 Limocythere. Exterior of a l e f t  valve. X 50
Fig. 4 C yprideis  c f .  l i t t o r a l i s .  Exterior of a rig h t  valve, X 32
Fig. 5 C yth ere tta . Exterior of a l e f t  valve. X 25
Fig. 6 C yth ere llo id ea . Exterior of a r ig h t valve, X 25
I8l
PLATE 4 .1 7
PLATE 4.18
Fig. 1 X e s to le b e r is .  Exterior of a l e f t  valve, X 44
Fig. 2 C a llis to c y th e r e . Exterior of a l e f t  valve, X 55
Fig. 3 H aplocytheridea  c f .  subovata. Exterior of a l e f t  valve, X 25
Fig. 4 P a racythere tta . Exterior of a r ig h t valve, X 32
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PLATE 4 .1 8
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4.6 Biostratigraphy
The Lower Pars Formation in Iraq has been divided into two mem­
bers litho log ica lly  (see f ig .  1.4). I t  is not possible to distinguish 
biozones within the Lower Fars Formation because of the low faunal 
diversity due to high sa lin ity  of the water and bad preservation of the 
fossils which made specimen determination unreliable. However, there 
are palaeontological differences between the two members.
The lower part of the Lower Member is characterised by the ocur- 
rence of Borelis melo (?) curdica and its  l im it  occurs just below the 
f i r s t  occurrence of the foraminifera Cibicides, and the ostracod 
X esto leb eris . Other characteristic genera include some rare represent­
atives of the foraminifera G uttulina, and bivalves including Pectinidae, 
Veneridae and Anadara. Their occurrence is clearly environment related. 
The only age diagnostic fossil is Borelis melo curdica^ and i t  should be 
noted that this ranges down into the Jeribe limestone.
In the Upper Member, the lower l im it  coincides with the f i r s t  
occurrence of C ibicides  and X e sto leb er is . These genera can be found 
through the whole Upper Member sequence together with such taxa as the 
bivalves Ostrea latimarginata^ Ostrea subangulata^ and dem entia  papyracea. 
I t  should be noted that C ibicides  and X esto leberis  range up into the 
Middle Fars, but the ir  disappearance coincides with the l i th o s tra t i -  
graphical boundary between the Lower Fars and Upper Fars i f  the Middle 
Fars is missing.
These associations for the Lower and Upper Members can be recog­
nised in a l l  the studied loca lit ies  with the exception of one or two 
species which are not recorded in a particular locality  (e.g. 0. l a t i -  
marginata is not recorded in the Shaqlawa area, whilst dem entia  papyraoea 
is recorded at Shaqlawa but not in the Upper Member of the other local­
i t ie s ) .  The associations can also be recognised in other parts of Iraq.
For example, although Ahmad (1980, unpub.) neither identified bivalves 
nor followed the members palaeontologically, i t  is possible to follow the 
same fossil associations from her identification of the foraminifera and 
ostracods.
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Fossil assemblages with similar composition of foraminifera and 
bivalves have been recorded in the Chehel Member of the Gachsaran
Formation found in the Fars Province of SW Iran by Cox (1935), and by
James & Wynd (1965); in the Gaj beds succession in India by Vredenberg
(1908); and the Pyalo Stage succession in Burma by Douglas (1927).
I f  the identif ica tion  of the Borelis melo subspecies as Borelis  
melo curdica  is correct, then a Lower Middle Miocene date for the lov/er 
part of the Lower Fars is indicated {fide  A1 Saddiqi, 1972). There are 
no age diagnostic fossils in the Upper Member, except the oysters v/hich 
are generally held to indicate a Lower Miocene (Burdigalian) date. The 
ostracods give l i t t l e  age indication, but overall are consistent with a 
Lower Miocene date.
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C H A P T E R  5
STRUCTURAL SETTING
5.1 Regional Structure
5.1.1 Introduction and background to research
Iraq lies to the south and southeast of the Toros - Zagros mount­
ains and forms an integral part of the Zagros range. Tectonically,
Ilhan (1967) placed Iraq within the southern foredeep of the Alpine 
Orogenic Zone and the border of the Unstable Shelf separating the fore­
deep from the Stable Arabian Shield ( f ig .  5 .1). Kashfi (1976) divided 
the Zagros Geosyncline into three major structural zones (f ig .  5 .2 ),  
where Iraq lies mainly within the Foreland Shelf Zone and partly within 
the Folded Zone. Buday (1980), notes that "Iraq lies in the border area 
between the two main Phanerozoic Units of the Middle East, i .e .  between 
the Arabian part of the African (Nubio - Arabian) Platform and the Asian 
branches of the Alpine Geosyncline. The boundary between them is s t i l l  
the subject of argument and is placed on the northeastern border of the 
Folded Zone".
Al-Naqib (1959, 1972) subdivided the platform of the Iraqi t e r r i t ­
ory tectonically  into three major interrelated zones, each with its  d is­
t in ct and characteristic tectonic and geological history. These zones, 
from northeast to southwest, include the following units: Zone of major
and complex Overthrusting, Zone of Authochthonous Folding, and Unfolded 
Area ( f ig .  5 .3 ).
The most recent authoritative summary of the regional structure of 
Iraq is that of Buday (1980). This is based upon an ea r l ie r  but more com­
prehensive review as yet unpublished (Buday, 1973), and anticipates pub­
lication of a more detailed account by the same author (Buday, in prep.). 
These works synthesise data, mostly unpublished, available to the Iraqi 
Oil Co. and to the Directorate General of the Geological Survey and Mineral
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Investigation of Iraq, p r in c ip a l ly  from local rather than regional hydro­
carbon or exp lora tion surveys w ith in  the country. Tecton ica lly , Buday 
(1980) subdivided Iraq in to  two basic units ( i . e .  Stable and Unstable 
She lf) . The Stable Shelf is  characterised by reduced thickness of 
sedimentary cover and by the lack of fo ld ing . The Unstable Shelf has a 
th ick  and folded sedimentary cover; the in te n s i ty  of the fo ld ing  i n ­
creases in a NE d ire c t io n . I t  was subdivided in to  three un its ; Outer, 
central and innermost u n its ,  according to the p e c u l ia r i t ie s  of i t s  
s tra tig raphy and p a r t ly  s truc tu re  ( f ig .  1.2, section 1.1).
5.1.2 S tructura l Setting of the Area
The area considered in th is  study l ie s  w ith in  the Folded Zone (in 
sense of Al-Naqib, 1959, 1972) and w ith in  the F o o th i l l  Zone and High- 
folded Zones (in  sense of Buday, 1980). These zones comprise a wide be lt 
th a t extends in a general NW-SE d irec t ion  in the northeast part of Iraq. 
In the north and northwest of Iraq, th is  trend gradually changes to E-W, 
as can be seen c le a r ly  from f igu re  5.4. I t  is  made of a series of simple 
narrow, long a n t ic l in a l  s tructu res, segmented in to  many domes and oval 
a n t ic l in e s  ( i . e .  whale back s truc tu re s ) ,  separated by broad f l a t  syn- 
c l ines and with or without fa u l t in g  and subordinate th rusting  ( f ig .  5.4). 
In these zones, the in te n s i ty  of fo ld ing  as re flec ted  in  the amplitude of 
the fo ld ing  system diminishes gradually southwestwards, from the region 
of high complexity in the northeast to a region of l i t t l e  tecton ic  d is ­
turbance in the west. According to Buday (1973, unpubl, and in prep.) 
the F o o th i l l  Zone is  affected by two main fa u l t  systems, namely the 
Alpine System and the East A frican R i f t  System ( f ig .  5.5). The s t r u c t ­
ures w ith in  the zone are mainly of Te rt ia ry  o r ig in ,  since they a f fe c t  
Cretaceous to Pliocene rocks, and some of them e xh ib it  th rusting  of the 
NE f lank  over the SW. These structures are formed due to:
(a) Oligocene movement, evidenced by va r ia t ion  in the deposition 
of the Oligocene sediments. These have been in terpre ted by Al-Sammari & 
A1-Mubarak (1977, unpub.) as epeirogenic movement associated with block 
movement contemporaneous with sedimentation.
(b) Late Oligocene (?Early Miocene) movement, ascribed to the 
Savian (Middle Alpine) Orogeny (Buday, 1973, unpub.). These are expres­
sed e ith e r  as NE-SW compressional movement, or as strong u p l i f t ,  probably
189
Q.
cr
<  o
T3
z  6
UJ If)
w
>
u.
u
lU
ou u
UJ
I-u.
u
190
M osul
• Erbil
Mosul
Block06 36-
Kirkuk
Block
T ik rit
Ramadi*
/  BAGHDAD
MAIN FAULT OF THE ALPIAN SYSTEM
MAIN MERIDONAL FAULTS ( E. AFRICAN RiFT SYSTEM)
OTHER FAULTS -  GEOPHSICALLY ASCERTAINED
OTHER FAULTS -  GEOLOGICALLY ASCERTAINED
OTHER FAULTS -S U PPO SED
RG.5.5: TECTONIC MAP OF IRAQ Hrom B^d,yj973)
191
caused by renewed movement o f block fa u l ts ,  re su lt in g  in N80° - S80°W 
trending normal fa u l ts  and fo ld ing  of the Pre-Miocene s tra ta . In the 
early  Lower Miocene, the area which is subaerial during deformation 
subsided, ind icated by the basal conglomerate along the Oligocene- 
Miocene contact.
(c) More recent NE-SW compressional movement a ffec ts  the Post-
01 igocene sediments, evidenced by the fo ld ing  of Post-01igocene s tra ta ,  
and th rus t ing  ascribed to the la te  Alpine Orogeny.
(d) Post Middle Fars (?Post-Miocene) u p l i f t  due to the volume 
change consequent on hydration of the Lower Fars anhydrite to gypsum.
Such transform ation, which produces a volume increase of 33% - 53%
(Pundy, 1956, in  Mossop & Shearman, 1973), is  responsible fo r  the sudden 
steepening o f  s tra ta  a t the boundary between the Lower Fars and Middle- 
Upper Fars Formations (PI. 5 .1 ).
5.2 Isopachyte Study
5.2.1 In troduc tion
The Lower Fars Formation is  re a d i ly  d iv is ib le  in to  two members and 
each member in to  three un its  or in to  four beds (section 1 .2 .3 ). The 
Formation has been divided so tha t these d iv is ions  can be eas ily  recog­
nised in  the f i e ld  w ith  c lear d is t in c t io n  o f th e ir  upper and lower l im i t s ,  
making measurement o f member and bed thickness re la t iv e ly  precise. In 
th is  study, the Formation was divided in to  two members on the basis o f a 
very d is t in c t iv e  marker horizon (brownish red mudstone) which can be very 
e a s ily  recognised in  the f ie ld  so allowing c lear d is t in c t io n  of the mem­
bers and marking a major change in  the environment o f deposition w ith in  
the Formation. The reasons fo r  using th is  d iv is io n  are discussed more 
f u l l y  in  section 1.2.3.
In Iraq , the Lower Fars Formation varies g rea t ly  in i t s  thickness 
as a whole and in the thickness of i t s  constituent members and beds 
(section 1 .2 .2b). These d iffe rences are in fe rred  to re f le c t  d ifferences 
in o r ig in a l  sea f lo o r  topography, subsidence ra te , periods of s ig n i f ic a n t  
e ros ion, or te c ton ic  events.
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Plate 5.1 Steep s tra ta  o f the Lower Fars Formation ( r ig h t )  ad­
jacen t to  gently  dipping s tra ta  o f the Middle Fars 
Formation ( l e f t )  at Fathah area (Makhul A n t ic l in e ) .
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5.2.2 Background to Research
Maxi mum th i ckness or thickness ranges have been di f fe re n t ly  es t i - 
mated in  d i f fe r e n t  areas by previous workers ( f ig .  1 .7). Also thickness 
ranges have been d i f fe r e n t ly  recorded w ith in  the same p a r t icu la r  area by 
d i f fe r e n t  workers (e.g. thickness of the Lower Fars Formation in Sheikh 
Ibrahim area is  320 m according to Al-Jumaily (1978, unpub.) but 412 m 
according to Ahmad (1980, unpub.)).
Isopachyte maps have been constructed by Dunnington (1958) fo r  
the Lower Fars Formation ( f ig .  5 .6 ); by Al-Naqib (1959) fo r  the Lower 
Fars in associa tion with other supposed Middle Miocene sediments ( f ig .  
5 .7 ); Munir (1977, unpub.) fo r  the two members of the Lower Fars Forma­
tion  in  the Butma-Duhok area ( f ig .  5.8); and Mustafa (1980, unpub.) fo r  
the Lower Fars Formation in the Sin ja r  Basin, NW Iraq ( f ig .  5.9).
Dunnington (1958), Al-Naqib (1959), and Munir (1977, unpub.) a l l  
used boundary d e f in i t io n s  fo r  the Formation and i t s  constituent members 
s l ig h t l y  d i f fe r e n t  from those adopted here (section 1 .2 .3 ) ,  but these 
d if fe rences o f d e f in i t io n  involve re la t iv e ly  small thicknesses of s t ra ta ,  
too small to a f fe c t  the patterns displayed in the isopachyte studies. 
Mustafa (1980, unpub.), however, adopted the same boundary c r i t e r ia  used 
in th is  study.
The isopachyte maps included in the present study are fo r  the whole 
Lower Fars Formation and i t s  ind iv idua l members over most of northern 
Iraq wherever data are ava ilab le . The isopachyte maps included here amend 
previous ones in th a t  measurements recorded previously are sometimes i n ­
accurate because the geologists using borehole data defined the boundary 
between the Lower Fars Formation and other formations somewhat a r b i t r a r i l y  
and in co n s is te n t ly  in  borehole logs (Mahdi, personal experience in o i l  
CO., 1973; Jasim, pers. comm., 1979).
The maps by Dunnington (1958) and Al-Naqib (1959) ( f ig s  5.6, 5.7) 
of the Lower Fars Formation in fe r  isopachytes in the Mosul region up to 
two times greater than those in fe rred  in th is  study. They also f a i l  to 
record the zone o f non-deposition or erosion in the extreme north - no rth ­
east o f Iraq (see fac ies  d is t r ib u t io n  map, f ig .  6 .2 ). These discrepancies
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with Dunnington's and Al-Naqib's isopachyte maps re su lt  from the heavy 
dependence placed by both authors on d i f fe re n t ly  in terpre ted borehole 
data.
Data shown on accompanying maps are re s tr ic te d  to f ie ld  measure­
ments of outcrops by the Geological Survey of Iraq, research study, and 
a few borehole logs from the Iraqi Petroleum Co. and Mosul Petroleum 
Co. used only when outcrop measurements were not available (table 5.1).
Dunnington, Al-Naqib, Munir, and Mustafa a l l  constructed th e ir  
isopachyte maps by hand. In te rp re ta t ion  and extrapolation of data were 
therefore subject to inconsistent human bias. Figures 5.10 - 5.12 were 
produced u t i l i s i n g  the U nivers ity  of London Computer Centre L ibrary 
Program SYMAP (app. 1). The more uniform handling of data has produced 
amendments in de ta il to e a r l ie r  isopachyte maps, additional to those 
created by rev is ion of the basic measurement on which the maps were 
based. Because of the lack of measurements available  fo r  the SE part 
of the map area, f ig u re  5.12 (isopachyte map of the Upper Member) as 
produced by the computer may be misleading. Figure 5.13 was modified 
from f igu re  5.12 and constructed by hand to re f le c t  the overall pattern 
c lea r ly  evidenced in f ig s  5.10 and 5.11.
5.2.3 Isopachyte Maps
Four isopachyte maps ( f ig s  5.10 - 5.13) are shown, i l l u s t r a t in g  
the thickness va r ia t io n  of the Lower Fars Formation as a whole, and of 
i t s  two members.
5.2.3a Lower Fars Formation
Isopachs of the Formation as a whole are shown in f igu re  5.10. 
They ind ica te  NW-SE increase in thickness, from 700 metres over the 
S in ja r area to  over 1325 metres in the Kor mor area (SE of Kirkuk).
They also show increase in thickness from SW-NE, and from NE to SW to 
give a region of maximum thickness NW-SE across the centre of the map. 
Thinning to SW seemingly re f le c ts  the presence to the SW of a Stable 
Shelf area, th inning to the NE re f le c ts  the presence there of an emerg­
ing folded b e lt  (see f igu re  1.2 fo r  location of the Stable Shelf area 
and folded b e l t ) .  Figure 5.10 indicates two areas of maximum thickness.
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Table 5.1 Thickness of Lower and Upper Members as well as the 
whole Lower Fars Formation in d i f fe re n t  lo c a l i t ie s  
in  northern Iraq
LOCALITY
THICKNESS OF 
LOWER MEMBER 
IN METRES
THICKNESS OF 
UPPER MEMBER 
IN METRES
THICKNESS OF 
LOWER FARS 
IN METRES
AUTHORS
ATRUSH 100
BAI-SARAI 100
BASHIQA 100
LAZZAGA 200
NUWAIGIT 300
ADAYAH 400
ATSHAN 300 Mustafa (1980)
AIN ZALA 500
SFAIA 250
ABTAKH 400
SASAN 500
SAM BAR 500
TEL-HAJAR 750
DEMIR DAGH 1 188
BAI HASSAN 13 599
JAMBÜR 665 190 855
TAQ TAQ 300
PULKANA 5 443 285 728
NAFT KANAH 620
INJANA 480 205 685
GULLAR 1 459 IPC & MPC
KHLEISIA 1 522 Wells
FALLUJAH 1 170
SAHARA 1 416
CHAMCHAMAL 2 519*
THARTHAR 1 185*
AWASIL 5 34*
KOR MOR 2 1325*iNV/i\ * 1 vy 1 \ t-
N. QARA CHAUGH 77 86 163 A1 -Sammarai
S. QARA CHAUGH 81 161 242 et a t .  (1978)
FATHAH 153 291 444
SHEIKH IBRAHIM 250 196 446 Present study
BUTMA 415 183 597
SHAQLAWA - 209 209
SALAHIDDIN - 300 300
QADYAN - 200 200 Sissaki an
DEGALA - 100 100 (1980)
KOISANJAQ - 200 200
HIRIR - 76 76
GUOLAT 330 146 476
MISHRAQ 67 145 212
BAHZANI - 100 100 Ahmad (1980)
MAQLUB - 79 79
SHFIKHAN 36 36OI 1L. 1 f\l irM 1
ISHKAFT 247 90 337 A1-Jumaily
ALAN 153 75 228 e t a l. (1976)
GUSAIR 313 166 479 _
ZAINIYAT 310 310 Munir (1977)
M||CLniDA nnr 193 75 268'"UjnUrvH UMla
MAKHUL 83 217 300 Al -Mubarak(1978)
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fig.5.1! : Isopachyte map of lower member of
Lower F ars Formation
201
3 7 -
- 3 7
2 5 0 f
20a:
,M0SU1
36 —
—36
j"
KIR
.•'^ •-•"■35-FATHAI- 3 5
/  E u p h r a t e s  R-
9 0  110 Km.5 0
In te rv a ls  of 50m . 45
fig.5.12: Isopachyte map of upper member of
Lower Fars Formation
202
45 4643
36-
Mosul
36-
Kirkuk
20 0
250
Fathal
250
J  £ u p h r a t e * ^ ^ f j v e r
250
200
34-
IIOKms.50
FIG.5J3:ISOPACHYTE MAP OF THE UPPER MEMBER OF LOWER 
FARS FORMATION , MODIFIED FROM THE MAP DRAWN BY 
THE COMPUTER.
20^
The Kirkuk region is  la rg es t and th ic k e s t ,  w ith over 1300 metres i n ­
d icated on the map and about 1325 metres recorded in boreholes. The 
second but much smaller area occurs in  the S in ja r  area (NW Ira q ) ,  
where again over 700 metres are ind ica ted  on the map and about 600 
metres are recorded in  f i e ld  measurement. In c o n tra s t ,  the Formation 
is  absent in  the northeast and southwest o f Iraq , and is  genera lly  
th in  over the Mosul reg ion . The absence o f the Formation in the n o r th ­
east and southwest o f Iraq is  re la ted  to  the northeast and southwest 
margins of the basin, w h i ls t  the th in n in g  o f the Formation over the 
Mosul region may be re la te d  to  block movement (discussed la t e r ) .
5.2.3b Lower Member o f Lower Fars Formation
Isopachs o f the Lower Member are shown in  f ig u re  5.11. They i n ­
d ica te  a NW-SE doubling in  th ickness from 400 metres over the Butma 
area (NW of Mosul) to  over 650 metres in the Jambur area (SE o f  K irkuk).  
Figure 5.11 ind ica tes  two areas of maximum th ickness. The Kirkuk region 
is  la rg e s t and th ic k e s t ,  w ith 650 metres ind ica ted  on the map and about 
665 metres recorded in  boreholes. The second but smaller area occurs at 
Butma (NW of Mosul), where again a th ickness o f 400 metres is  ind ica ted  
on the map and 415 metres are recorded in  f i e ld  measurement. In con­
t r a s t ,  the Member is  absent in  the northeast area o f Iraq , and is  gener­
a l l y  th in  over the Mosul region and west o f Iraq (Euphrates v a l le y ) ,  
most probably a r e f le c t io n  o f block movements (discussed la t e r ) .  F igure 
5.11 is  in  agreement w ith  Munir 's  (1977) isopachyte map ( f i g .  5.8a) in  
showing a zone o f maximum th ickness and s im i la r  range in  th ickness v a r i ­
a t io n  over the Butma area.
5 .2.3c Upper Member o f  the Lower Fars Formation
Figures 5.12 and 5.13 in d ica te  two areas o f maximum th ickness.
The Salah iddin area (E. o f  Mosul) w ith  over 300 metres ind ica ted  on the 
map and recorded by f i e l d  measurement. The second area occurs over the 
Butma area (NW o f Mosul) w ith  a th ickness of over 200 metres predicted 
on the map although less than 200 metres recorded by f i e ld  measurement.
In c o n tra s t ,  the Member is  absent in  the extreme north  and northeast 
Iraq and in  the Mosul reg ion , and th in  over the western pa rt of Iraq 
(Euphrates v a l le y ) .  The apparent th inn ing  o f  the member in  the Euphrates 
v a l le y  most probably r e f le c ts  dominance o f the Lower (evapor ite )  Member
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in the bas in-centre  fac ie s . The absence of the Member in the extreme 
north and northeast o f Iraq is  re la te d  to the NE margin o f the basin, 
w h i ls t  the absence o f the Member over the Mosul region can be re la ted  
to block movement (discussed la t e r ) .  The apparent th ickening of the 
Member in  the Salahiddin area most probably re f le c ts  dominance there 
of the a rg il laceous  member in  the basin-margin fa c ies . The range in 
th ickness v a r ia t io n  shown in f ig u re  5.13 is  d i f f e r e n t  to  tha t recorded 
by Munir (1977, unpub., f i g .  5 .8b). Munir (1977, unpub.) recorded 
300 metres in  the Butma area o f NW Iraq ra th e r  than the 200 metres 
shown in  f ig u re  5.13, fo r  reasons discussed above (section 5 .2 .2 ) .
5.3 Discussion
The general pa tte rn  o f  the Lower Fars Formation, as a whole, 
apart from being absent in  the extreme north and northeast Iraq and 
th in  in  the Mosul region as shown by the present isopachyte s tud ies , 
is  cons is ten t w ith  the general pa tte rn  in fe r re d  by M etwalli e t a l.
(1974) fo r  the Lower Fars Formation in  Syria ( f i g .  5 .14).
From the isopachyte map ( f i g .  5.10) and s t ru c tu ra l  contour map 
( f i g .  5 .15 ), i t  is  very c le a r  th a t  the Lower Fars basin is  separated 
in to  two main basins, one in  the NW (S in ja r  Basin) and the other to 
the south o f Kirkuk (K irkuk Basin). The th inn ing  o f  the Lower Member, 
non-deposition or erosion o f the Upper Member, occasional presence of 
breccia w ith in  the Lower Member in  the Mosul region (p i.  5 .2 ) ,  and 
good development o f  the Formation in  o ther areas (e .g . Kirkuk and Butma), 
are good in d ic a t io n s  th a t the Mosul and Khleisa U p l i f t s  played im portant 
ro le s  during the accumulation o f the Lower Fars sediments. A lso, the 
lack o f  a cons is ten t sedimentation pa tte rn  ( i . e .  areas o f minimum th ic k ­
ness fo r  one member may be ove r la in  by a maximum thickness o f the suc­
ceeding member; e .g . Fathah and Shaqlawa areas in  the Lower and Upper 
Members times) r e f le c ts  d i f f e r e n t ia l  subsidence. Movement on the "East 
A fr ican  R i f t  System" f a u l t ,  the Abu J i r  F a u lt  (sense o f Buday, 1973, 
unpub.), is  in fe r re d  to  have taken place or continued during the time 
o f the depos it ion  of the Lower Fars Formation and caused the la te ra l  
displacement in  the basin ( f i g .  5 .16).
Therefore,* i t  seems from the isopachyte map ( f i g .  5 .10), s t ru c tu ra l
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Plate 5.2 Clayey boulder within the limestone of the Lower 
Member of the Lower Pars Formation at Sheikh 
Ibrahim area (Mosul region).
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contour map ( f ig .  5.15),  structural map ( f ig .  5 .4 ) ,  and facies d i s t r i ­
bution map ( f ig .  6.2) that the nature and thickness of the Lower Pars 
Formation are tectonically controlled, re f lect ing the structure of the 
area, and their  general pattern is consistent with the general struct­
ural pattern of Iraq ( i . e .  the folds have SE-NW trend in the NE and 
change to E-W, s l igh t ly  SW in the north and northwest). The isopachyte 
map ( f ig .  5.10) shows that the basin of preservation of the Formation 
has a steeper NE-N limb and gentle SW-S limb which is consistent with 
the geometry of the folds of Iraq, which also have a steep NE-N limb 
and gentle SW-S limb.
The tectonic events in the Alpine Orogenic belt  (Zagros - Toros 
Orogenic be lt )  cause l i thologie  and facies change in the Foredeep and 
Shelf Zone (chapter 7, f ig .  7 .4 ) ,  while at the same time they produce 
tectonic deformation. Also, the coll is ion of the Arabian and Iranian 
plates played an important role controll ing the accumulation of sedi­
mentary cover and i ts  tectonic disturbance. Numan (1979) suggested that 
in north Iraq during this co l l is ion ,  the Arabian plate was fragmented 
into two main blocks, namely the Kirkuk block, which moved NE, and the 
Mosul block, which moved towards the North ( i . e .  toward the Zagros and 
Toros ranges). Buday (1973, unpub., 1980) mentioned that the Shelf 
area, during the Lower and Middle Miocene is marked by the development 
of a broad but r e la t iv e ly  shallow basin which was f i l l e d  in with sedi­
ments in two subcycles. After the deposition of the f i r s t  subcycle, 
which is represented by the Euphrates Group, block movements were re­
newed and the separation of the basin into individual lagoons reappears 
with deposition of the second subcycle. He also stated that these lag­
oons were separated by a main Meridional Fault (part of the E. African 
R i f t  System) namely Abu J ir  Fault ( f ig .  5 .5 ) ,  and that the block move­
ment is represented by the Mosul and Khleisia Upl i f ts  ( f ig .  5 .4 ) .
After  the deposition of this second subcycle (represented by the 
Lower Fars Formation), which was marked by a transgression at the beg­
inning and regression at the end, a progressive increase in terrigenous 
clastic  supply occurred. This was presumably caused by the progressive 
u p l i f t  of the NE folded area.
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C H A P T E R  6
ENVIRONMENT OF DEPOSITION
6.1 Cycles
6.1.1 Sequence of palaeoenvironments
The most d ist inct ive  feature of the Lower Fars Formation is i ts  
cyclic nature, recognised by previous authors such as A1-Mubarak (1978) 
and Mustafa (1980, unpub.). Terms such as "rhythmic" and "alternating"  
have been more frequently used than "cyclic" (Dunnington, 1958; van 
Bel len e t  a l. y 1959; Al-Naqib, 1959; Sadak & A l -Omari, 1979; Bud ay,
1980), but the term "cyclic" is adopted here in the sense of Ham (1960) and 
in Duff e t  a l .  ,(1967) to denote the typical repetit ion of marl, carbon­
ate and sulphate to be found in these beds (f igs 2.3 and 2 .4 ) .
The grey-green marl, which is taken to represent the base of 
each complete individual cycle, is in terna l ly  structureless and ty p i ­
ca l ly  contains a marine fauna of ostracods [Loxoconcha, T rachyleberis , 
C ytherello idea  and C ythere lla ) y rare foraminifera, and occasionally 
bivalves such as Ostrea latim arginatay 0. subangulata^ d em e n tia  
papyracea and Veneridae (see Chapter 4).  This marl, as indicated by 
i t s  grey-green colour and the presence of pyrite  and pyrite pseudo- 
morphs, was formed in a local ly  reducing environment but that this  
situation was probably some centimetres below the sediment-water in t e r ­
face is evidenced by the local presence of epifaunal and shallow bur­
rowing bivalves, since the surface layers of the sediments must have 
been s u f f ic ien t ly  oxygenic to support bivalve l i f e ,  and only the deeper 
burrowing forms have been inhibited.
Ibrahim (1978, unpub.), who used the term "grey-blue loess", 
suggested an aeolian origin for this marl. She considered a l l  the mud 
rocks (both grey-green marl and brownish red mudstone) to have a common 
aeolian or ig in , the "grey-green" loess being but "red" loess reduced 
a f te r  deposition. She based her conclusion on the following features:
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very small grain size; similar colour to recent aeolian clasts in Iraq,  
and similar  mineralogica1 composition; rounded quartz grains; lack of 
bedding planes; and general lack of fauna. Despite its  aeolian or ig in ,  
she recognised that rare occurrence of mil io l ids  implied at least local 
marine deposition.
Reading (1978) defined the term "loess" as s il t -grade and f iner  
materials transported by dust-storms. Where much of this f iner  mat­
e r ia l  is transported beyond the desert basin, i t  may accumulate locally  
as blankets of sediments. Reading (1978) noted that typ ica l ly  there is 
a dista l  f in ing and thinning of loess deposits away from the source.
However, in the present study, the mudrocks ("loess" in sense of 
Ibrahim, 1978, unpub.) have thickness ranges of 0.2 metres - 20 metres, 
the thickest units occur in the NE ( i . e .  away from the desert ) .  They 
contain a marine fauna as mentioned above; a considerable percentage of 
subangular quartz grains especially in the brownish red mudstone; and 
are in ter  bedded with thin sil tstone and sandstone beds, especially in 
the basin-margin facies. Moreover, they are mainly i l l i t e  and ch lor i te  
(sections 3 .1 .1 .  and 3 .2 .2 ) ,  a composition typical of clays deposited 
under at least normal marine sa l in i t ies  ( " i t  has been suggested by some 
petrologists that large changes in composition occur in f l u v i a t i l e  clay 
deposited in saline water with the preferential formation of smectites, 
i l l i t e s  and ch lor i te .  The increase in s a l in i ty  and ch lor in ity  of the 
waters is believed to be reflected by the increasing conversion of
montmorilIonite into c h lo r i te  " (Greensmith, 1978, p . 105). All the
evidence points to a marine environment of deposition, and not an aeol­
ian but aqueous te r re s t r ia l  derivation.
The NE thickening of the mudrocks ref lects  the NE situation of 
the tectonically  active Zagros-Toros fold mountain belt (Chapter 5) ,  
the potential source area for the d e t r i t a l  material.  The fine grained 
character of the sediment, however, i ts  lack of sedimentary structures, 
and i ts  la teral  uniformity indicate quiet water marine conditions of 
deposition.
The carbonate rocks contain a shallow marine fauna, including
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foraminifera such as Q u in q u e lo c u l in a ^  T r i l o c u l i n a y  A rm or ia ,  E lp h id iu m ,  
and R o t a l ia ,  plus molluscs such as Veneridae and C la u s in e l la  p e r s io a ,  
and also algae. The carbonates of the Lower Member are predominantly 
biomicrite and o o l i t i c  pelmicrite (skeletal wackestone) and highly 
dolomitized, becoming biosparite-pelsparite (skeletal packstone) in 
the upper part of the Upper Member with coated grains in the uppermost 
hori zons.
Dunham (1962), Folk (1962) and Greensmith (1971) agree that the 
sparite, framework, and mud tr iangular ra t io  gives an important in d i ­
cation of current strength and energy level in depositional environ­
ments. Folk (1 959, 1962) suggested that rocks consisting almost en­
t i r e l y  of micrite indicate quiet accumulation in skeletal environments 
such as shallow protected lagoons, whilst a dominance of allochems and 
micrite indicates weak current a c t iv i ty .  Dunham (1 962), Folk (1 962) 
and Greensmith (1971), however, suggest that the presence of pellets  
indicates a shallow to very shallow warm water environment.
The m icr i t ic  sediments and ostracod/bivalve/foraminifera fauna 
(sections 4.2 -  4.5) indicate a shallow warm water origin with but 
weak current a c t iv i ty  (quiet-water) (type I in sense of Plumley e t  a l .  y 
1962) for the carbonates of the Lower Member. A sa l in i ty  change in 
the lower part of the Upper Member is indicated by the presence there 
of brackish water ostracods (although such low diversity  faunas are 
also common in hypersaline water). The uppermost carbonate horizons of 
the Upper Member and those of the basin-margin facies were deposited in 
somewhat higher energy and re la t iv e ly  strong agitated environment con­
ditions as indicated by skeletal packstones with coated grains. The 
presence of a high percentage of insoluble residue and the abundance of 
brackish water ostracods are strong indication of the nearness to an 
ancient shoreline in the basin-margin facies. Sometimes, marly lime­
stone occurs between the marls and the limestone, which indicates a 
gradual rather than sudden change or shallowing in the environment of 
deposi t io n .
The anhydrite, which is an evaporitic mineral, indicates the
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development of a restricted basin. The pétrographie evidence confirms 
that gypsum is secondary after  anhydrite (section 3 .4) .  Although the 
presence of secondary gypsum does not indicate the environment of dep­
osition (Shearman, 1983, pers. comm.), Ibrahim (1978, unpub.) and 
Mustafa (1980, unpub.) suggested a marine origin for these sulphate 
rocks. By comparison with the Sabkha deposits of the Lower Purbeck 
of southern England, which have been described by West (1964), Shearman 
(1966) and Reading (1978), and the Sabkha deposits of Abu Dhabi, which 
have been described by Kinsman (1966) and Shearman (1966), the deposits 
of the Lower Fars Formation are to ta l ly  d i f fe ren t .  The Lower Fars 
deposits lack algal mats; they have very thick evaporites (sometimes 
individual horizons reaching 40 metres in thickness), containing evap­
orites associated with marine deposits; and they cover an area of 300 km 
(width) by 1500 km (length) .  All these lines of evidence indicate a 
marine origin for the evaporite rocks.
A brownish red mudstone represents the end of each typical ind­
ividual cycle in the basin-margin facies and in the Upper Member of the 
basin-centre facies. This mudstone appears to represent the phase of 
maximum regression, being deposited under oxidising conditions. Pettijohn  
(1975) stated that a high T i02/ A l 203 ra t io  in claystone may re f le c t  high 
humidity in the environment of formation. This mudstone was found to 
contain a higher Ti02/Al20g rat io  (section 3 .2 .2 )  than the grey-green 
marls, and may therefore have originated in environments of higher hum­
id i ty  than those of the marls. The local influx of elastics is related  
to the proximity of a shoreline, indicated by the abundance of brackish 
water ostracods (section 4 .5 ) ,  especially in the basin-margin facies.
The elastics can also be related to s l ight  tectonic movements in the 
adjacent positive area to the north and northeast ( i . e .  the Zagros - 
Toros be l t ) .
The deposition of brownish red mudstone was followed by an abrupt 
rise in sea level,  evidenced by the asymmetry of the cycles and the in ­
coming of normal saline water into the basin, starting a new cycle ( i . e .  
deposition of the grey-green marl of the marine transgressive phase)
( f ig .  6 .1 ) .
Although nodular gypsui-i I chicken - '/ire fabric ) as described here 
(p.103) is widely regarded as a fabric characteristic of evaporites deposited 
under sabkha conditions, and has recently been so interpreted in the Lower 
Fars Formation of Iraq ( Shawkat & Tucker, 1978 ). The nodular gypsum of the 
Lower Fars Formation in Iraq is here infered to have been deposited under 
submarine rather than sabkha conditions because of the lack of all other 
features ( e.g. enterolithic structure ) accepted as characteristic of the 
sabkha environment ( see p.213 ) and clear, close association with underlying 
and overlying subaqueous deposits.
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6.1 .2  Analogous cycles and palaeoenvironments
E va p o r i t ic  cycles of red and green shale, biohermal limestone 
and anhydrite  are described by Andrichuk (1951) and B a i l l ie  (1955) 
from the Devonian Manitoba Group of the W il l is to n  Basin in  Canada.
They are s im i la r  to those o f the Lower Fars Formation in th a t the 
evaporites s ig n i fy  periods when the seas were r e s t r ic te d ,  while  the 
carbonates s ig n i fy  f re e r  c i r c u la t io n  of water.
Ham (1960) recognised and described fo u r  cyc les , s im i la r  to  
those of the Lower Fars Formation cyc les , from the Middle Permian 
Blaine Formation o f Oklahoma, U.S.A. These comprise red-green shale, 
carbonate, and calcium su lphate , where the green shale ind ica tes  
marine cond it ions  and is  associated w ith  a transgress ive phase, s ig ­
n i f ie d  by dolomite and the lower pa rt of the gypsum. Ham took the red 
shale to mark the phase o f maximum regress ion.
Shale-gypsum cycles o f s im i la r  in te r re d  o r ig in  to  those of the 
Lower Fars, i . e .  w ith  transgress ive  and regress ive shales and gypsum 
deposited in  r e s t r ic te d ,  hypersa line cond it ions  on the sea margin, 
were described by McKee (1954) from the T r ia s s ic  Molnkopi Formation o f  
Arizona and by Richards (1958) from the Jurass ic  Carmel Formation o f 
Utah, both in  the U.S.A. However, G i l l  & Ala (1972) described the 
cycles of the Lov/er Fars in  Iran (Gachsaran Formation) as marly l im e- 
s tone-evaporite -red  and variegated marls in  which the evaporite  was 
deposited in  a su p ra t ida l Sabkha environment.
6.2 Lower Fars evaporites o f  Iraq
I f  the presence o f c y c l ic  sedimentation is  one c h a ra c te r is t ic  
fea tu re  o f the Lower Fars Formation, the very presence of evaporites 
is  another.
That the Lower Fars evaporites were deposited in a basin is  
evidenced both by the pa tte rn  o f fac ies  d is t r ib u t io n  ( f i g .  6 .2 ) and by 
isopachytes (section 5 .2 , f i g .  5 .10). The lo c a l i t i e s  studied here have 
given no evidence fo r  formation o f evaporites under sabkha cond it ions  
(section 6 .1 .1 ) .
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In general, authors (e.g. Krumbein & Sloss, 1963; Kinsman, 1969; 
Hsu, 1972; Friedman & Sanders, 1978) d is t in g u is h  two main models fo r  
formation of basinal evaporites: the closed basin system, and the open
system. In a closed basin, the waters o f the basin are completely sep­
arated from open marine cond it ions . There i s ,  the re fo re , a given 
q uan t ity  of water w ith in  the basin which evaporates, p re c ip i ta t in g  min­
e ra ls  in  a p red ic tab le  sequence, and in p red ic tab le  volume re la t io n ­
ships, given th a t the o r ig in a l  composition o f the water was near normal 
marine. In an open system, however, the basin is  not f u l l y  iso la ted  
from open marine cond it ions . Sea water flows in to  the basin to rep len ­
ish th a t lo s t  by evaporation and because water and s a l ts  are c o n t in u a l ly  
being added, and because complete des icca tion  is  less l i k e l y  to  occur, 
the number and proportion  of evaporite  m inerals d i f f e r  from th a t  in  the 
closed system.
There is  also a d if fe re n ce  in  the pa tte rn  o f arrangement of evap­
o r i t e  minerals in  the "closed" and "open" systems. A "closed" system 
is  characterised by a concentr ic  pa tte rn  of evaporite  m inera ls , w ith 
the most soluble s a l t  (e.g. h a l i te )  concentrated in  the middle of the 
basin where f i n a l  evaporation took place ( f i g .  6.3A). In con tra s t,  an 
"open" system is  characterised by la te ra l  zoning o f evaporites , w ith the 
leas t soluble m inerals (carbonate) being deposited nearest to the marine 
va te r  source, and the most so lub le s a lts  d ra m a t ica l ly  opposite to them, 
on the shoreward side o f the basin ( f i g .  6 .38).
The pa tte rn  of d is t r ib u t io n  of the evaporites in  the Lower Fars 
basin is  in d ic a t iv e  of a "c losed" ra th e r  then an "open" system. Iso ­
pachytes ( f i g .  5.10) o f the Lower Fars Formation show the pa tte rn  o f  a 
basin o f broadly NW-SE trend with maximum thickness in  the S in ja r  and 
Kirkuk areas(section 5 .2 .3a ). A fac ies  map shows a concentric  pa tte rn  
of sediments w ith  the most so lub le sa lts  preserved in  the centre o f the 
basin ( f ig .  6 .2 ) .  (Dunnington (1958), Al-Naqib (1959), and Ibrahim 
(1978) reported h a l i te  in  boreholes in  the Kirkuk area, w h i ls t  Mustafa 
(1980) reported h a l i te  in  the boreholes a t S in ja r ) .  An Is o l i t h  map 
( f i g .  6 .4) is  cons is ten t w ith the isopachyte and fac ies  maps in  showing 
th a t the maximum thickness o f evaporite  (gypsum) is  preserved in the 
basin-centre. I t  the re fo re  seems th a t most evaporite  ( i . e .  most solub le
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s a l t  and th ic ke r  anhydrite ) was deposited in the centra l (? deeper) 
parts o f the basin, and tha t th is  region formed the residual area 
in which f in a l  des icca tion  to produce h a l i te  occurred.
However, the c y c l i c i t y  described above ind ica tes  tha t the 
basin was fre q u e n t ly  and in te rm i t te n t ly  flooded, reducing the s a l in ­
i t y  to near normal marine and a llow ing the en try  o f normal marine 
faunas. The source area fo r  these transgressions l ie s  outside the 
thes is  area o f northern Iraq.
6.3 The Lower Fars Basin o f depos it ion
Although the NE and SW margins o f the evaporite  basin are 
reasonably well defined by v a r ia t io n  in  both sediment thickness and 
fac ies  (section 5 .2 .3 ) ,  and can re a d i ly  be re la ted  to  the thes is  area, 
the SE and NW l im i t s  of the basin l i e  outside Iraq , and are fa r  less 
easy to de f ine .
The NE margin is  s itua ted  near Sheikhan by Ahmad (1980, unpub.), 
Atriish by A l-Naqib (1980, unpub.), Bashiqa by Ahmad (1980, unpub.) and 
Mustafa (1980, unpub.), H ar ir  by A1-Sheikh e t  a l.  (1975) and Shaqlawa 
(present s tudy). The SW margin is  defined by Buday (1980), and s i t ­
uated southwest o f Ramadi and Najaf (see f i g .  1.1 fo r  lo ca t io n  of p laces), 
where the Lower Fars is  e i th e r  not deposited or has been eroded ( f i g .
6 . 2 ).
A b a r r ie r  or s i l l  to the SE has been in fe rre d  by G i l l  & Ala (1972), 
who stated th a t  a north - south trending submarine h igh , in  l in e  w ith  
the Oman Peninsula, existed in  the Bandar Abbas reg ion, and acted as a 
threshold over which the evaporite  basin maintained a connection w ith 
the Indian Ocean. Sadek & A1-Omari (1979) a lso  stated th a t  the b a r r ie r  
was located a t the southern end o f the basin, but gave no reason fo r  
th is  statement.
As to  the NW, Al-Hashimi (197 9) suggested tha t the Lower Fars 
deposits may represent a major transgression from the Mediterranean Sea. 
This transgression was d isrupted by repeated is o la t io n  o f the basin. He
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added that the Lower Fars basin was enjoying not only a north western 
connection but a southern connection as well . He found that none of 
the existing models ves capable of explaining fu l ly  the origin of the 
Lower Fars evaporites. Mustafa (1980, unpub.), believed that the 
s i l l  was located at the north western end of the Lower Fars basin in 
the Sinjar area ( i . e .  in Syria).  He reached this conclusion from 
facies, Is o l i th ,  and gypsum/total succession ratio maps which he con­
structed for the Lower Fars in the Sinjar basin. He considered the 
thick series (400-500 m) of the carbonate of the "Undifferentiated 
Tortonian" to the west of Al-Hasakah town (NE Syria) to the east of 
the modern Mediterranean Sea to be a clue indicating the position of 
the connection zone between the Lower Fars basin in the Sinjar area 
and the western l im i t  of the Tethyan ocean.
The bivalves found within the Lower Fars sequence at Sheikh 
Ibrahim and the Butma area, such as 0. la tiim rg in a ta , 0. subangulata^ 
d em en tia  papyracea  ^ and C lausinella  persica  in the present study and 
0. latim arginata  by van Bel len e t  a l. (1959) and Al-Naqib (1959) in 
the Kirkuk area, have been previously recorded in Iran, India, and 
Burma ( i .e .  they are typical of an Indo-west Pacific fauna). They 
have not been recorded in Europe or the Mediterranean (section 4 .2 ) .  
Also, the facies map ( f ig .  6 .2 ) ,  the Isol ith  map ( f ig .  6 .4)  and the 
ribbon diagram ( f ig .  6 .5 ) ,  show that the most saline evaporites and 
the thickest Lower Fars sequences are deposited in east Iraq and south 
west Iran ( i . e .  they thin or wedge out to the NW, indicating a marginal 
rather than marine area to the NW). Therefore, the palaeontological 
and sedimentological evidence presented here implies a SE rather than 
a NE marine connection ( f ig .  6 .6 ) .  Thick carbonates in south west 
Iran, in the Bandar Abbas region, described by Gi l l  & Ala (1972), may 
also be indicative of a s i l l  in this area. Further study of these 
carbonates ( i . e .  those in Iran and Syria) is needed for more positive 
interpretation.
6.4 Origin of Cycl ic ity
According to Al-Naqib (1959), Buday (1980) and present study, 
the Lower Fars basin is bordered on the NE by highland of the High
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Fig. 6.6: Schematic block diagram showing Lower Fars 
as deposited a s ‘ basin-centre evaporites of a closed 
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Folded Zone and on the SW by low - ly in g  land masses o f the Stable She lf. 
During the Lower Miocene time, the Shelf area ( f ig .  1.2) is  marked by 
a broad but r e la t iv e ly  shallow basin and recorded many minor t ra n s ­
gressions and regressions and continuous slow subsidence o f the dep­
o s it io n a l  basin. These minor events took place during the major t ra n s ­
i t i o n  from the almost e n t i r e ly  marine Euphrates - Jeribe limestone and 
the u lt im a te  dominantly con tinen ta l Upper Fars red beds (G i l l  & A la,
1972; Buday, 1980). D if fe re n t  authors have postulated marine con­
nections a t the SE and NW ends o f the basin. The fac ies re la t io n sh ip s  
w ith in  the Lower Fars basin discussed here in , suggest th a t a NW connection 
was not responsib le  fo r  any s ig n i f i c a n t  ingress o f seawater during 
deposit ion  of Lower Fars evaporites . The th ic k  carbonate in  SW Iran 
described by G i l l  & Ala (1972) may be in d ic a t iv e  of a s i l l  in  th is  area 
(section 6 .3 ) .
From the present s tudy, i t  may be concluded th a t the slow sub­
sidence o f the depos it iona l basin o f  the Lower Fars is  probably re la ted  
to tec ton ic  movements th a t involved large segments of the Earth 's  c ru s t ,  
but the primary cause o f the evaporite  c y c l i c i t y  is  believed to  be 
caused by f lu c tu a t io n s  in  sea le v e l ,  re s u lt in g  in  repeated transgression 
followed by regress ion. During the transgression o f the sea, marine 
access to the basin over the s i l l  o r  b a r r ie r  took place causing a t le a s t 
s l ig h t  deepening o f the water and re s u lt in g  in the deposit ion  o f marl. 
Subsequent depos it ion  of carbonate and sulphate fo l lo w  through d e s ic ­
ca t ion . The accumulation o f  these sediments must have proceeded a t a 
fa s te r  ra te  than the ra te  o f subsidence, in  order tha t the depth of water 
be r e la t iv e ly  decreased. During the regression of the sea and lowering 
o f sea le v e l ,  displacement o f sa l in e  water by brackish water took p lace, 
as ind icated by the abundance o f brackish water ostracods, w ith  the 
re s u l t  th a t  red mudstone was deposited thus c los ing the cycle ( f i g .  6 .1 ) .
The deposit ion  o f red mudstone was fo llowed by an abrupt r is e  in  
sea leve l and incoming of seawater in to  the basin, s ta r t in g  a new cyc le . 
Such a r is e  in  sea leve l is  evidenced by the asymmetry o f the cycles as 
in  other asymmetrical cycles (Ham, 1960; H ite , 1 970).
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C H A P T E R  7
STRATIGRAPHIC CORRELATION
7.1 C orre la t ion  w ith in  Iraq
As described above (section 1 .1 ),  the Lower Fars Formation in  
Iraq comprises two d i f fe re n t  fa c ie s :  a th ic k  basin-centre  (e v a p o r i t ic )
fac ies and a th in  basin-margin ( c la s t ic )  fa c ie s . The age equivalence 
of these fac ies  has never been es tab lished , p a r t ly  because o f the d i f ­
f i c u l t y  in  mapping the la te ra l  change in  l i th o lo g y  across discontinuous 
outcrops; p a r t ly  because there are regional changes in  the overly ing  
and underly ing s tra ta  as well as in  the Lower Fars Formation i t s e l f  
( f i g .  1 .5 ) ;  and p a r t ly  because o f the r a r i t y  o f fo s s i ls  and the seeming 
absence o f age d iagnostic  species common to  the two fa c ie s . Buday (1980) 
in  the most recent comprehensive review o f  Iraq geology re fe rs  to  the 
basin-margin fac ies  as "U n d if fe re n t ia ted  Fars", and previous authors 
(McCarthy e t a l,  , 1958; van Bellen e t  a l.  , 1958) used the term "U nd if­
fe re n t ia te d  Fars" to include both the basin-margin fac ies  and the over- 
ly in g  s t ra ta  d is t ingu ished  here and by Buday (1980) as Upper Fars.
Whether the basin-margin fac ies  below the Upper Fars is  a lso o f 
"Upper Fars bas in -centre" age, or whether i t  corresponds in whole or pa rt 
to the Middle Fars, Lower Fars, or a combination o f the two, is  s t i l l  an 
open question {fide  Buday, 1980). Buday (1980), however, notes tha t 
e v a p o r i t ic  horizons, so ty p ic a l  o f the basin-centre  Lower Fars, do occur 
in  the "U n d if fe re n t ia ted "  basin-margin fa c ie s ,  and "might ind ica te  par­
t i a l  equivalence w ith  the basinal Lower Fars".
L i th o lo g ic a l  d if fe rences  between the basin-centre  (e v a p o r i t ic )  and 
basin-margin ( c la s t ic )  fac ies are summarised in Table 7.1. Also, l i t h o ­
lo g ica l d if fe rences  between the Upper and Lower Members o f the basin- 
centre fa c ie s .  As described above (sec tion  3.2 and 3 .3 ) ,  the presence, 
petro logy and development of the brownish red mudstone and the c a lc i te  
dominant carbonate o f the basin-margin fac ies are s im i la r  to those of the 
Upper Member of the basin-centre fac ies  w ith  the exception o f an increase
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Basin-centre (eva 
Lower Member
p o r i t i c )  fac ies  
Upper Member
Basin-margin ( c la s t ic )  
fac ies
Red mudstone absent present present
Mudstone and marl well developed well developed v/el 1 developed
Si 1tstone very rare rare abundant
Carbonate well developed less than in 
Lower Member
as in 
Upper Member
Carbonate m inerals dolomi te c a lc i te ca lc i te
Evaporites well developed less than in 
Lower Member
very few 
or absent
Ostracods very rare rare abundant
Conditions of 
deposi t io n
hypersaline normal marine- 
hyposaline
hyposaline
Table 7.1 D iffe rences and s im i la r i t ie s  between the two members o f the 
e v a p o r i t ic  fac ies  and the c la s t ic  fac ies  o f the Lower Fars 
Formation
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in s i l t y  materia l in the mudstone of the basin-margin fac ies .
Palaeontological data are contained in sections 4.2 - 4.6.
Elements of the fauna common both to  the Upper Member of the basin-centre 
fac ies  and to the basin-margin fac ies  but not found in  the Lower Member 
of the basin-centre fac ies  include the bivalves Ostvea subangulata, 
fo ra m in ife r  Cibicidesy and ostracod X esto leh er is , The fauna found in 
the Upper Member of the basin-centre and basin-margin fac ies  re f le c ts  
only a s im ila r  hyposaline cond it ion  of formation o f the conta in ing beds. 
However, Ostrea subangulata may a lso in d ica te  a s im ila r  (? Burd iga lian) 
age.
Both l i t h o lo g ic a l  and pa laeonto log ica l evidence are the re fo re  con­
s is te n t  in  in d ic a t in g  th a t a t lea s t the basin-margin fac ies  as repres­
ented a t Shaqlawa is  equ iva len t to  p a r t ,  poss ib ly  the whole o f the Upper 
Member o f the basin-centre Lower Fars fac ies  ( f i g .  7 .1 ) .  The increase 
in  s i l t y  m a te r ia l ,  abundance o f ostracods and the decrease in  number of 
cycles and evaporite  horizons probably ind ica te s  th a t the Shaqlawa sec­
t io n  is  close to  the o r ig in a l  sho re l ine . Because o f the lack o f id e n t ­
i f i a b le ,  age d iagnos tic  f o s s i ls ,  i t  is  s t i l l  uncerta in  as to which pa rt 
of the basin-centre Upper Member the basin-margin fac ies  is  equ iva len t.
7.2 C orre la t ion  with Iran
7.2.1 The Lov/er Fars in  Iran
The Lower Fars Formation in  the southwest part o f Iran has been 
studied ex tens ive ly  by many workers (Harr ison, 1924; Lees & Richardson, 
1940; Lees, 1950; O 'Brien, 1950;. Sugden, 1951 unpub.; Dunnington, 1958 
and 1968; Falcon, 1958; van Bellen e t  a t.  1959; S linger & C rich ton , 1959; 
James & Wynd, 1965; S to c k l in ,  1968; F u rs t,  1970; Hull & Warmen, 1970; 
G i l l  & A la , 1972). This l i t h o s t r a t ig r a p h ic  u n i t  has now been redefined 
in Iran as the Gachsaran Formation. James & Wynd (1965, p .2236) gave a 
Late Early Miocene age to the e v a p o r i t ic  formation of the Fars Group 
Gachsaran Formation) outcropping in  the Fars Province. Prazak (1974, 
p .41, unpub.) and Kashfi (1980) dated the formation as Lower to Middle 
Miocene. Prazak (1974, unpub.), stated tha t the boundary between Lower
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and Middle Miocene should be somewhere in the Champeh Member (the Middle 
Member) of the Gachsaran Formation.
Whether the Lower Pars Formation in Iraq is  equivalent to  the 
Gachsaran Formation as a whole, in p a r t,  or not a t a l l  is  a matter of 
controversy.
7.2.2 Previous C orre la tion
There have been three e s s e n t ia l ly  d i f f e r e n t  co rre la t io ns  proposed 
fo r  the Ira q i Lower Pars: th a t the Iraq i Lower Pars is  equiva lent to the
Iranian Gachsaran Formation (Lower Pars); tha t the Iraq i Lower Pars is  
equiva lent to  the Iran ian Mishan Formation (Middle Pars); and tha t the 
Iraq i Lower Pars is  equivalent to the Iranian Agah Jari Formation (Upper 
Pars ).
Van Bellen e t  a l.  (1959) considered the Iraq i Lov^r Pars (Middle 
Miocene) to be equiva lent to the Iranian Gachsaran Formation (Lower Pars 
Formation). James & Wynd (1965) gave a la te  Early Miocene age to the 
e v a p o r i t ic  formation o f the Pars Group (Gachsaran Formation) cropping out 
in  the Pars Province and corre la ted i t  w ith  the Iraq i Lower Pars; w h i ls t  
Dunnington (1968) mentioned tha t s a l t  deposition  in  SW Iran (Gachsaran 
Formation) and NE Iraq (Lower Pars) was probably synchronous. Van Bellen 
e t  a l.  (1959) and James & Wynd (1965) based th e i r  co rre la t io n  on l i t h o ­
log ie  s im i la r i t y  and presence of the oyster Ostrea la tim arg ina ta . Although 
Ctyroky & Karim (1971, unpub.), in  th e i r  study of the s tra t ig raphy  and 
palaeontology o f  the 01igocene-Miocene s tra ta  o f the Euphrates v a l le y  near 
Anah (west I ra q ) ,  gave a Middle Miocene age to the Lower Pars Formation 
and recorded the opinion tha t the Lower Pars in  Iran is  s u b s ta n t ia l ly  older 
than th a t of Iraq , G i l l  & Ala (1972) co rre la ted  the Gachsaran Formation 
o f e a r ly  Middle Miocene w ith  the Iraq i Middle Miocene Lower Pars (without 
g iv ing  evidence fo r  th is  c o r re la t io n ). Al-Omari (1973, unpub. lec tu re ) 
co rre la ted  the Iraq i Lower Pars Formation with the Iranian Gachsaran 
Formation according to  l i t h o lo g ie  s im i la r i t y  and presence o f the foramin- 
i f e r a l  subgenus Miogypsina ( s .s . ) .  Also Kashfi (1980) gave the Gachsaran 
Formation in south and southwest Iran a Lower-Middle Miocene age and 
b r ie f ly  co rre la ted  i t  w ith  the Iraq i Lower Pars Formation.
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The second opinion is  tha t the Iraq i Lower Pars Formation is  
equivalent to the Iranian Mishan Formation ( i . e .  Iraq i Jeribe 
Formation is  equiva lent to  the Iranian Gachsaran Formation). Prazak 
(1974), unpub.) concluded tha t the Mishan Formation of Iran (which 
ove r l ies  the Gachsaran Formation) is  roughly the equiva lent o f the 
Iraq i Jeribe Formation (early  Middle Miocene). He based his con­
clusion on the fo s s i l  contents found in Gachsaran Formation such as 
Miogypsinids and Borelis melo. However, Lateef (1976) considered the 
Lower Pars Formation in Iraq to be o f Middle Miocene age based on 
palaeontological information by James & Wynd (1965), Ctyroky & Karim 
(1971, unpub.), Furst (1970), and Buday (1 973, unpub.) such as the 
presence of fo ram in ife ra  Borelis melo^ Miogypsinids and the bivalve 
Ostrea latim arginata. He corre la ted  the Lower Pars Formation in  Iraq 
with the Iran ian Mishan Formation (formerly Middle Pars Formation) of 
the Middle Miocene, even though the la t t e r  is  1i th o lo g ic a l ly  d i f fe re n t .  
He suggested tha t the Middle Pars in Iraq is  properly  equiva lent in i t s  
s t ra t ig ra p h ie  p o s it ion  to  the Iranian "T rans it ion  bed" o f SE Khuzestan 
and Laurestan and the Jeribe Formation in Iraq is  equiva lent to  the 
Iranian Gachsaran Formation. These " t ra n s i t io n  beds" co n s t i tu te  tra n s ­
i t io n a l  sediments between a rg il laceous Middle Pars Mishan Formation and 
the c la s t ic  Agah Ja r i Formation. Ahmed (1980, unpub. thes is )  agreed 
with L a te e f  s (1976) opinion.
The th i r d  main in te rp re ta t io n  is  tha t o f Buday (1980) who c o r­
re la ted the Iraq i Lower Pars Formation w ith the Iran ian Agah Jari 
Formation (formerly Upper Pars). Buday (1980, p .282) stated " in  fa c t  
the Gachsaran Formation o f Iran represents the equiva lent o f the 
Euphrates Group and not o f the Lower Pars Formation o f Iraq. The Lower 
Pars of Iraq is  most probably not represented in  Iran in  i t s  typ ica l 
facies and passed la t e r a l l y  from the I ra q i- I ra n ia n  f r o n t ie r  area toward 
the SE in to  a less or more e va p o r i t ic  fac ies  re fe rred  to  in  Iran as the 
Mishan Formation. The e v a p o r i t ic  stage represented in  Iraq by the Lower 
Pars Formation appears in Iran la te r  ( in  consequence of the m igration 
of orogeny) and is  represented there by the s l ig h t l y  e va po r i t ic  Agah 
Jari Formation only. This la te ra l  fac ies  change is  indeed ind icated in 
Iraq by the ty p ic a l  development o f the Lower Pars in the southern area 
( Buzurghan-Abu Ghirab)".
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Buday (1980, p .281) considered the Lov/er Fars Formation to be a 
somewhat diachronous representa tive  of the lagoona l-evaporit ic  fac ies 
of the Middle Miocene, w h i ls t  Kashfi (1980, p .298) stated tha t "the 
Lower Fars sequence in south-southwestern Iran la te r a l l y  changes in to  
four major s t ra t ig ra p h ie  u n its ,  namely Gachsaran, Razak, Namaki, and 
Qeshm, each with d e f in i te  l i t h o lo g ie  ch a ra c te r is t ic s .  These u n its  as 
pointed out, are reg io na lly  t im e-equ iva lent (Miocene); however, from 
the extreme southeastern Zagros to the northwestern l im i t  of the 
Zagros, the Lower Fars becomes younger".
From the previous works, the fo l low ing  points can be concluded:
a) Precise c o rre la t io n  o f the Lower Fars in Iraq w ith Iran is  s t i l l  
uncerta in .
b) I t  is  not possible to in fe r  the precise s tra t ig ra p h ie  age o f the 
Iraq i Lower Fars Formation because o f the lack o f age d iagnostic  fauna.
c) The Lower Fars e v a p o r i t ic  fac ies  is  supposedly th icke r and older 
in  the SE, th inner and younger in  the NW, becoming very th in  and very 
young (Upper Miocene) in the extreme NW in  Syria (Ponikarov e t  a l. ^
1967), and is there fo re  markedly diachronous.
7.2.3 Present C orre la t ion
Previous co rre la t io n  o f the Miocene Formations in Iraq and Iran, 
according to the palaeonto log ica l and l i t h o lo g ic a l  evidence c ited  by van 
Bellen e t  a l.  (1959), James & Wynd (1 965), Sayyab & Kurashy (1967 ),
Furst (1970), Ctyroky & Karim (1971, unpub.), Ditmar e t  a l. (1971, unpub.), 
Al-Omari & Sadik (1972, 1975), G i l l  & Ala (1972), Lateef (1 976 ), Buday 
(1980) and Kashfi (1980), are summarised in  f ig u res  7.2 and 7.3.
L ith o lo g ic a l  descr ip t ions  o f the Lower Fars and Gachsaran Forma­
tions given by previous workers and in  the present study show th a t the 
two formations have e s s e n t ia l ly  the same l i t h o lo g ie  characters (e.g. same 
rock types, same type o f c y c l ic  depos it ion , same d if fe rences between the 
basin-centre and basin-margin fac ies in both form ations). Also the 
fac ies  have a consis tent regional d is t r ib u t io n  and character in  both 
Iraq and Iran (see Buday, 1980 and Kashfi, 1980). The d is t r ib u t io n  o f 
these fac ies  in Iraq and Iran is  shown in f ig u re  6.2.
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Elements o f the fauna common to both Lower Fars and Gachsaran 
Formations include the bivalves Ostrea latim arginata, 0. subangulata, 
d em en tia  papyracea, and C lausinella  persica , and fo ram in ife ra  Borelis  
melo, Peneroplis, Miogypsina, Elphidium  and Dendritina. These fo s s i ls  
r e f le c t  only a s im ila r  shallow marine environment o f formation o f  the 
containing beds. However, 0. latim arginata, 0. suhangulata and Mio­
gypsina ind ica te  a s im i la r  ( la te  Early Miocene) age. (An Early 
Miocene age was in fe rre d  by Al-Omari & Sadik (1 972, 1 975) from the 
foramini fe ra l subgenus Miogypsina (s .s . )  w ith in  the Lower Fars Forma­
tion  in northern Iraq ) . As described above (section 4 .2 ) ,  the pres­
ence o f taxa in  the Lower Fars Formation in Iraq , such as Ostrea l a t i ­
marginata, Ostrea suhangulata which have not been found in  rocks younger 
than Early Miocene age and Cardium, Anadara and C lausinella  persica  are 
not common in rocks o lder than Early Miocene, ind ica tes th a t the Lov/er 
Fars Formation of Iraq is  o f la te  Early Miocene. According to  James & 
l^nd (1965) and Kashfi (1980), the Gachsaran Formation is  also dated as 
la te  Early Miocene.
Moreover, the Euphrates Group (s t ra ta  underly ing the Lov/er Fars 
Formation) o f Iraq can be corre la ted w ith  the Asmari Formation (s tra ta  
underly ing the Gachsaran Formation) of Iran on the basis o f  l i t h o lo g ie  
s im i la r i t y  and s im i la r  fo ram in ife ra l assemblages such as Borelis melo 
Curdica, Miogypsina, Meandropsina anahensis and Peneroplis, recorded by 
James & l^nd (1965), Al-Sammari & A1-Mubarak (1978, unpub.) and Buday 
(1980).
Palaeontological evidence given by previous workers ind icated 
tha t the Formation is diachronous. However, both l i t h o lo g ic a l  and p a l ­
aeontological evidence c ited  here are consis tent in  in d ica t in g  th a t the 
Lower Fars (e v a p o r i t ic  fac ies ) in Iraq is  equiva lent to  the Gachsaran 
Formation (evapo r it ic  fac ies ) in  Iran. A revised c o rre la t io n  o f the 
time equiva lent (Miocene) major s t ra t ig ra p h ie  un its  of the Fars Group 
is there fore  shown in f ig u re  7.4.
7.3 C orre la t ion  w ith Syria
L i t t l e  v/ork has been done on the Lower Fars Formation in the
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northeastern part of Syria, and unfortunately most of this s t i l l  remains 
unpublished. Metwelli e t a l. (1974) subdivided the Lower Fars Formation 
in the Jebissa area of northeastern Syria into Upper and Lower parts 
which comprise anhydrite, gypsum, limestone, marl, clay and s iltstone. 
According to Ponikarov e t  a t. (1 967) and Metv/elli e t  a l. (1 974), the 
Lower Fars Formation in Syria is of Tortonian age. They have based the ir  
dating on the amount of c lastic  rocks, the faunal assemblages such as 
R otalli idae, M ilio lidae , Elphidium  spp., Spiro lina  sp., and Dendritina  
sp., and correlation with Tortonian surface exposures. The faunas listed  
above, however, are not age diagnostic. Because of the lack of age diag­
nostic fauna and the misleading nature of some of the old publications 
which dated the Lower Fars Formation in Iraq as Tortonian, i t  cannot be 
certain that the Lower Fars in Syria is of Tortonian age.
Ponikarov e t  a l.  (1967), Metwelli e t  a l. (1 974), Buday (1 980) and 
Mustafa (1980) correlated the Lower Fars in Syria with the Lower Fars in 
Iraq. They based the ir  correlations on lithological s im ila r it ies  between 
the Lowsr Fars Formation in Syria and Iraq, although discrepancies s t i l l  
exist as far as age is concerned. Both litho logica l s im ila r it ies  and 
s im ila r ity  in the isopachyte pattern of the Lower Fars Formation in Iraq 
and Syria (figs 5.10 and 5.14), are therefore consistent in indicating  
that at least the Lower Fars Formation as represented in northeastern 
Syria is equivalent to part, possibly the whole, of the Lower Fars Forma­
tion of Iraq. The increase in s i l t y  material in the upper part of the 
Formation in Syria probably indicates that the sequence in Syria is close 
to the original shoreline. Because of the lack of id en tif ia b le , age 
diagnostic fossils in the Lower Fars Formation of Iraq and Syria, the 
correlation is s t i l l  uncertain.
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C H A P T E R
CONCLUSION
From the previous Chapters, i t  can be seen that the Lower Fars 
Formation in Iraq is a d istinctive  and widespread lithological un it,  
although showing both la teral and vertical variation in facies. In 
northern Iraq, la teral variation leads to d istinct basin-centre (evap- 
o rite )  and basin-margin (c lastic ) facies. Vertical variation is 
im plic it  in the recognition of two members within the formation, a 
Lower Member characterised by asymmetrical cyclic deposition of grey- 
green marls, carbonates, and generally sulphate, but lacking brownish 
red mudstone; an Upper Member characterised by the additional presence 
of brownish red mudstone at the top of each cycle.
Petrological study and X-ray d iffrac tion  analysis of the d i f fe r ­
ent lithofacies of the Lower Fars Formation show that the carbonate 
content of the grey-green marls increases upwards through any individual 
marl unit towards the carbonate lithofacies which succeeds i t ,  but that 
there is an overall tendency for the marl to become less calcareous up­
ward through each of the four described stratigraphie sections, part­
icu larly  in the Upper Member and in the Shaqlawa area. The clay minerals 
forming the bulk of the marl are i l l i t e  and ch lo rite . The carbonates of 
the Lower Member are mainly dolostone in which the percentage of dolomite 
(80% in the lower part) decreases upward in the sequence, and are pre­
dominantly biomicrites and o o li t ic  pelmicrites (skeletal v/ackstones).
The carbonates of the Upper Member are mainly limestones and are pre­
dominantly biosparite-pelsparites (skeletal packstones) with coated grains 
in the uppermost horizons. These carbonate lithofacies are highly a f ­
fected by diagenetic processes including cementation and neomorphism. 
Dolomitisation, although most important in the Lower Member extends to a 
lesser extent into the Upper Member. The sulphate rocks occur as second­
ary gypsum a fter  anhydrite. The brownish red mudstones which end each 
cycle of the Upper Member are mainly s i l t y  calcareous, sometimes gypseous 
with d e tr i ta l  quartz increasing upward in the individual horizons as well
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as v e rt ic a l ly  in the overall sequence and la te ra l ly  toward the basin- 
margin facies. The most abundant clay mineral present in this mudstone 
is ch lo rite .
Iden tif iab le  fossils from the Lower Fars Formation comprise 
molluscs, foraminifera and ostracods beside unidentifiable  fragments of 
echinoids and bryozoa. The most important fossils are the bivalves 
Ostrea latimarginata^ 0. suhangulata and C lausinella  persica , the foram­
in ife ra  Borelis melo and Miogypsina (recorded by Al-Omari & Sadik, 1972), 
and the ostracods Amplocypris, C yprideis, M ediocytherideis, M icrocythere, 
P erissocytheridea , Macrocypris and Leguminocythereis. The faunal evid­
ence seemingly indicates that the Lower Fars Formation is late Lower 
Miocene rather than Middle Miocene, in stratigraphie age (Chapter 4).
From the structural setting of the area and an isopachyte study, 
i t  is very clear that the Lower Fars basin is separated into two main 
basins, the S ir ja r  and Kirkuk basins. The nature and thickness of the 
LovÆr Fars Formation are tectonically controlled, re flecting the struc­
ture of the area, since the general pattern of facies and thickness 
variation is consistent with the general structural pattern of Iraq. The 
evidence cited in section 5.3 indicates movement of the Mosul and Khleisa 
u p lif ts  as well as of the "East African R if t  System" fa u lt  namely the 
Abu J ir  Fault (sense of Buday, 1973, unpub.) during the time of deposition 
of the Lower Fars sediments. Also tectonic events in the Alpine Orogenic 
belt and co ll is ion  of the Arabian and Iranian plates played important 
roles in controlling the accumulation of sedimentary cover, i ts  tectonic 
disturbance, and litho logie  facies changes.
By collating data from the previous chapters and particu larly  from 
the sedimentological, palaeontological and structural studies, i t  is shown 
that the thesis area is marked by a broad but re la t iv e ly  shallow NW-SE 
trending basin which recorded many minor transgressions and regressions 
during major Miocene transgressive cycles. Palaeontological and sediment­
ological evidence indicates a marine connection to the SE. Thick carbon­
ates in SW Iran may be indicative of a semi-permeable barrier to the basin 
in this area. Fluctuation in sea level is inferred to be responsible for
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the deposition of the evaporite cycles, desiccation taking place in a 
closed (desiccated) basin. The evidence for this is the pattern of 
distribution of the evaporites in the Lower Fars basin ( f ig .  6 .2 ) .
During transgression of the sea, marine access took place causing at 
least slight deepening of the water and resulting in the deposition of 
marine marl (evidenced by the presence of marine faunas). Subsequent 
deposition of shallow warm water carbonate (evidenced by the presence 
of shallow water ostracods and foraminifera as well as characteristic  
petrology) and sulphate follow, through desiccation. The accumulation 
of these sediments must have proceeded at a faster rate than the rate 
of subsidence, so that the overall depth of water was re la t iv e ly  dec­
reased through the succession. During regression of the sea and lever­
ing of sea level, displacement of saline water by brackish water took 
place, as indicated by the abundance of brackish water ostracods, with 
the result that brownish red mudstone væis deposited thus closing the 
cycle. The deposition of mudstone was followed by an abrupt rise in sea 
level and incoming of seawater into the basin, starting a new cycle.
Lithological and palaeontological evidence and facies d istribution  
(f ig . 6.2) are consistent in indicating that the basin-margin facies, at 
least that represented at Shaqlawa, is equivalent to part, possibly the 
whole of the Upper .Member of the basin-centre Lower Fars facies. Also 
these lines of evidence are consistent in indicating that the Lower Fars 
(evaporitic facies) in Iraq is equivalent to the Gachsaran Formation 
(evaporitic facies) in Iran and possibly to the Lower Fars Formation in 
Syria.
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APPENDIX 1: TECHNIQUES
1. Petrology
450 th in  (30 p) sections were used in the pe tro log ic  studies of 
the Lower Fars Formation. F r iab le  rocks were impregnated w ith  Epotck 
cold set res in  at normal temperature under vacuum before section ing.
The general p r in c ip le s  of th is  technique are given by Allman & Lawrence 
(1973, p .73).
Suspected gypsum samples required a d i f fe re n t  technique, since 
when gypsum is  heated, i t  f i r s t  p a r t ia l l y  dehydrates to form hemi- 
hydrate (CaSO^.&HgO) at about 60°C, and on fu r th e r  heating i t  loses 
water p rogress ive ly  through the bass in ite  se r ies , CaS0^.nH20 (0.5 > n 
> 0 ), u l t im a te ly  to form solub le  anhydrite (y-CaSO^) at about 100°C. 
Soluble anhydrite is  metastable and re a d i ly  rehydrates back through the 
bass in ite  series to hemihydrate and gypsum on coo ling , i f  water is  made 
ava ilab le  (Mossop & Shearman, 1977). Therefore, no heat a t a l l  was 
used in  preparing th in  sections o f gypsiferous rocks: DEVCON was used
to mount the rock on the glass s l id e  at room temperature, s e tt in g  w ith ­
in  24 hours.
Both b inocu lar and p o la r iz ing  microscopes were used in  the examin­
a tion  o f th in  sections. S ta in ing of the samples was used to d i s t i n ­
guish c a lc i te  from dolomite and to prove the presence of the l a t t e r  in  
the limestones, fo l low ing  the technique described by Friedman (1959). 
(Etching the uncovered th in  section took place in  1.5% HCl. The sec­
t io n  was then immersed in  a c id i f ie d  A l iz a r in  Red S so lu t io n  fo r  up to 
15 seconds. (The time varied from one sample to another and could only 
be determined by t r i a l  and e r ro r ) .  The section was then washed w ith 
d i s t i l l e d  water. C a lc ite  stained p ink; dolomite remained unsta ined).
2. Palaeontology
F o ss i l i fe ro u s  samples were id e n t i f ie d  from p re lim inary  th in  section 
examination. M ic ro fo ss i ls  were then released from these samples, using 
the standard p r im i t iv e  method o f washing. The d is in teg ra ted  sample was
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boiled with sodium carbonate fo r  about one hour; washed with d i s t i l l e d  
water, dried and allowed to pass through a set o f sieves of 20, 40,
80, 120 and 200 mesh numbers. Using a b inocular microscope, the fo s ­
s i l s  were then picked out from the sieved residue and specimens of 
the same group were placed in  a m ic ro foss i l  holder. A l l  the m icro­
fo s s i ls  w ith in  each rock sample were id e n t i f ie d  up to a t least generic 
rank, to f a c i l i t a t e  a b io fac ies  in te rp re ta t io n .
3. Photomicrography
Photomicrographs on 35 mm f i lm  were taken a t magnifications between 
X 6.3 (e.g. p la te  3.20) and x 25 (e.g. p la te  3.22). The p r in t in g  of 
these negatives a t 132 mm x 80 mm involved a fu r th e r  fo u r - fo ld  increase 
in m agn if ica t ion , re su lt in g  in  to ta l  m agnifications ranging between 
X 25.2 and 100. A l l  photomicrographs were taken on a Zeiss photomicro­
scope I I I  which incorporates an automatic exposure meter. I l f o r d  
FP4 ASA 125 and Kodak panatomic ASA 32 black and white f i lm s  were used 
throughout. A green f i l t e r  was used where i t  was necessary to boost 
d if fe rence  in  co n tras t.
4. Computer Analysis
Computer generated isopachyte maps were produced fo r  the Lower and 
Upper Members of the Lower Fars Formation and the Formation as a whole, 
using the U n ive rs ity  o f London CDC 6600 Computer, through the terminal 
at Bedford College. The study u t i l i s e d  a program known as SYMAP.
The basic data comprised member and formation thicknesses measured 
a t every accessible exposure o f  the Lower Fars Formation and from a 
few boreholes in  the Kirkuk region. These measurements and th e i r  c o r­
responding g r id  references were typed fo r  computer use. SYMAP (ULCC 
B u l le t in  4 .8 .5 ) produces contour maps on a l in e  p r in te r .  The program 
allows fo r  a s izable combination o f " e le c t iv e " ,  so enabling the user 
to vary, amongst other th in gs , the scale of the map i t s e l f ;  the spacing 
between the isopachyte contours p lo t te d ;  symbols on the map; and the 
degree o f e x trapo la t ion  beyond and between data po in ts .
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5. Stereoscan Electron Microscopy
Stereoscan photomicrographs (p lates 4.9 - 4.18) were obtained using 
the Cambridge S4-10 stereoscan o f the Board of Studies in  Zoology, 
housed at Bedford College, under the techn ica l supervision of Mr G. 
Lawes. A l l  fo s s i ls  examined were taken from washed samples and mounted 
on standard e lectron  microscopic stubs and gold coated.
6. X-Ray D i f f ra c t io n  Analysis
The carbonate samples fo r  X-ray analysis were reduced to  powder 
form w ith  an agate pestle  and mortar. The re s u lt in g  powder was stored 
in  labe lled  glass ja rs  and served as the basis fo r  X-Ray D i f f ra c t io n  
s tud ies. Graphs of d i f f r a c t io n  patterns o f powder samples were obtained 
using a P h i l ip s  lo lo  D if frac tom ete r. The technique is  standard. The 
re s u lt in g  graphs were compared with standard reference data recorded in 
"Powder D i f f r a c t io n  Data fo r  m inerals" (Berry, 1974). A l l  the carbon­
ate samples from the Lower Member o f  the Lower Fars had d i f f r a c t io n  
patterns typ ica l o f dolomite, w h i ls t  carbonates from the Upper Member 
o f the Lower Fars had d i f f r a c t io n  patterns ty p ic a l  o f c a lc i te .
